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AUTHOR'S  PREFACE. 


This  book  is  translated  from  the  fourth  French  edition  by 
my  pupil  and  friend,  M.  Greene,  whose  perfect  familiarity  with 
the  French  language  and  thorough  competence,  at  the  same 
time,  in  chemistry  I  have  had  occasion  to  appreciate.  The 
translation  is,  then,  a  faithful,  or  even  improved,  representation 
of  the  original  work,  in  which  he  will  certainly  have  detected 
and  corrected  some  faults. 

The  French  editions  succeed  each  other  rapidly,  showing 
that  this  little  book  responds  to  an  educational  need. 

It  has  been  the  endeavor  to  keep  it  up  with  the  current  of 
the  latest  discoveries,  and  in  it  to  condense  a  considerable 
number  of  exact  and  well-selected  facts,  without  banishing  the 
theory  which  binds  them  together.  Thus,  the  origin  and  foun- 
dation of  the  atomic  theory  have  been  given,  as  far  as  possible, 
in  historical  order^  ..The  H'jtions ^jccncprnirg  atomicity,  so  im- 
portant for  the  appreciation  of  the  structure  of  combinations 
and  for  the  interpretatioa  of  chcmic&l  reactions,  are  presented 
in  an  elementary  form. 

The  reader  will  romurk  that  the  hi.^iory  of  the  metalloids 
Is  relatively  more  developed' than  the'  remainder  of  the  book. 
Indeed,  this  is  the  ^ndamental  part  of  chemistry,  and  a  fa- 
miliar knowledge  of  it  is  indispensable  to  the  fruitful  study  of 
the  metals  and  of  organic  chemistry.  It  is  also  the  most  at- 
tractive portion  for  b^inners,  for  it  is  the  most  easily  under- 
stood. 

Immediately  on  entering  the  immense  domain  of  organic 
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chemiatry,  we  find  the  facts  overwhelmingly  numerous  and 
complicated.  Among  all  these  facts  a  severe  and  carefiil 
choice  has  been  made,  the  historical  importance  and  the  theo- 
retical and  practical  interest  of  the  compounds  described  being 
borne  in  mind.  In  this  respect  many  additions  have  been 
made  to  the  third  French  edition.  Thus,  the  question  of 
isomerism,  upon  which  the  theory  of  atomicity  has  thrown  so 
much  light,  has  been  treated  in  a  more  thorough  manner. 
The  chapter  on  the  aromatic  compounds  has  been  considerably 
augmented. 

The  author  hopes  that  these  "  Elementary  Lessons"  will  be 
well  received  by  the  new  public  to  whom  they  are  presented, 
and  that  they  will  contribute  to  render  attractive  and  diffuse 
the  knowledge  of  the  science  to  which  he  has  devoted  his  life. 

ADOLPHE  WURTZ. 

Paris,  Norember  20, 1878. 


The  progress  of  the  science  has  made  necessary  many  changes 
in  the  fifth  edition  of  this  little  book,  which  has  so  far  retained 
about  the  form  and  scope  given  to  it  fifteen  years  ago.  It  has 
been  deemed  advisable  to  complete  the  organic  portion,  and  a 
large  number  of /fiaditioi^^iind^cocrecc'OBS  have  been  made. 
Whole  chapters  have  be^n*  add^d  to  the  history  of  the  cyanogen 
compounds,  the  hydroq^ijbbns^'  t1i6  raclds;  and  the  aromatic  com- 
pounds. Among  the^Q*  iiFill  ^be  p&rticularly  noticed  the  articles 
on  isomerism,  the  azol[p  2^i{(}^dk90}C  (^inpounds,  and  the  pyridic 
bases,  subjects  which  have  acquired  great  importance  during 
the  last  few  years. 

Pabib,  16tb  September,  1888. 


TRANSLATOR'S  PREFACE. 


It  IB  a  priyil^e  to  be  able  to  bring  before  the  English-read- 
ing public  a  work  by  one  who  has  justly  won  the  reputation  of 
being  the  most  able  thinker  and  perspicuous  teacher  of  France. 
M.  Wurtz  is  the  acknowledged  leader  of  modem  chemical 
philosophy,  and  his  labors  have  firmly  established  many  of 
the  views  which  long  remained  unaccepted  by  the  majority 
of  chemists,  but  which  are  now  regarded  as  essential  to  the 
science. 

This  book  is  therefore  a  brief  but  accurate  embodiment  of 
modern  chemical  ideas,  arranged  in  such  a  form  that  the  most 
difficult  principles  are  acquired  gradually  in  the  course  of  the 
descriptions. 

Only  such  changes  and  additions  have  been  made  as  would 
necessarily  accompany  the  change  of  scene  in  which  the  book 
appears;  among  these  are  the  few  American  mineral  waters 
mentioned,  and  other  mineral  resources  of  the  United  States, 
naturally  interesting  and  important  to  the  American  public. 

WM.  H.  GREENE. 

UJaoe,  1879. 


The  exhaustion  of  a  large  edition  of  this  translation,  and 
the  appearance  of  a  new  edition  of  the  original,  have  called  for 
a  complete  revision  of  the  text.  ^I.  Wurtz  having  kindly 
authorized  all  changes  likely  to  render  the  book  8till  more  ac- 
ceptable in  its  new  home,  the  editor  has  deemed  it  advipnble  to 
IB-classify  the  metals  in  accordance  with  the  generally-accepted 
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theory  of  atomicity.  He  believes,  however,  that  in  an  elemeut- 
ary  text-book  conyenience  of  method  is  of  more  importance  than 
a  rigid  olassification,  unless  the  basis  of  that  classification  be 
established  beyond  all  doubt.  For  that  reason  the  arrangement 
is  somewhat  different  from  that  which  could  be  adopted  in  an 
extensive  treatise,  in  which  more  ample  space  would  allow  a 
systematic  development  of  the  classification,  and  a  discussion 
of  doubtful  positions. 

A  short  chapter  on  chemical  energy,  and  a  brief  history  of 
Mendelejeff*s  periodic  law,  have  been  added. 

All  of  the  elements  of  which  the  existence  is  unquestionable 
have  found  at  least  separate  mention. 

It  is  hoped  that  these  changes,  and  the  extensive  additions  to 
the  organic  chemistry,  most  of  which  appear  also  in  the  fiflh 
French  edition,  will  increase  the  value  of  the  book  to  the  large 
class  of  readers  by  whom  it  has  been  so  well  received  in  the 
past. 

Ut  Jftnaary,  1884. 


The  present  edition  contains  additional  matter  embracing 
the  more  important  advances  of  chemistry  in  the  last  three 
years.  Among  the  additions  may  be  mentioned  the  history 
of  the  isolation  of  fluorine,  the  monoxide  of  silicon,  the  Castner 
sodium  process,  and  the  electrical  furnace. 

Wherever  new  investigations  have  shown  statements  accepted 
formerly  to  be  erroneous,  corresponding  corrections  have  been 
made. 

l»t  September,  1887. 
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ELEMENTS  OF  MODERN  CHEMISTRY. 


INTRODUCTION. 

The  material  objects  surrounding  us  present  striking  and 
infinite  diflferences.  Sulphur  is  readily  distinguished  from 
charcoal,  rock-crystal  from  flint,  iron  from  copper,  water  from 
spirit  of  wine,  and  wood  from  ivory.  It  is  known  to  all  that 
these  bodies  differ  not  only  in  form,  density,  and  structure,  but 
also  in  their  proper  substance.  They  differ,  too,  in  the  changes 
tiirough  which  they  pass  under  the  same  conditions.  When 
subjected  to  the  action  of  heat  they  receive  very  differently  the 
impression  of  that  force.  They  become  heated  more  or  less 
quickly,  and  transmit  the  heat  with  greater  or  less  rapidity 
throughout  their  own  substance.  A  short  bar  of  iron  cannot 
be  grasped  in  the  hand  by  one  extremity  if  the  other  be  heated 
to  redness ;  under  the  same  condition.s  a  cylinder  of  (Tharcoal 
may  be  handled  with  impunity.  Communicate  sufficient  heat  to 
water  and  it  is  converted  into  steam  ;  remove  heat  from  it,  and 
if  the  cooling  be  sufficient,  it  is  frozen  into  ice.  Spirit  of  wine 
cannot  be  congealed  by  the  most  intense  cold  known.  If  a 
magnet  be  placed  among  iron  filings  they  attach  themselves  in 
tufts  around  the  two  poles  ;  on  the  contrary,  copper  filings  are 
indiflferent  to  the  magnetic  attraction. 

Rock-crystal  is  transparent  to  light ;  flint  is  opaque.    These 
two  bodies  are  unalterable  by  fire.    They  may  be  heated  to  red- 
ness in  a  fiimace,  but  after  the  temperature  has  abated  they 
will  be  found  with  their  original  characters  unchanged.     It  is 
very  different  with  the  coal  which  we  burn  in  our  grates.     This 
body  disappears  during  the  combustion,  and  leaves  only  a  quan- 
tity of  ashes.     But  it  has  not  been  destroyed,  and  its  substance 
is  found  in  entirety  in  a  certain  gas  produced  by  the  combus- 
tion.    Like  charcoal,  sulphur  is  combustible,  and  is  converted 
by  burning  into  a  gas,  the  suffocating  odor  of  which  is  well 
niown. 
Neither  sulphur  nor  charcoal  undergo  any  alteration  when 
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8  ELEMENTS  OF   MODERN   CHEMISTRY. 

exposed  to  damp  air ;  it  is  not  the  same  with  iron.  In  a  moist 
atmosphere  this  metal  experiences  a  striking  and  lasting  change. 
Its  surface  becomes  covered  with  rust  and  is  no  longer  iron. 

In  the  forests,  the  leaves  which  fall  and  remain  upon  the 
moist  soil  are  slowly  consumed  and  disappear  in  the  course  of 
seasons. 

All  of  these  changes,  these  phenomena,  take  place  daily  be- 
fore our  eyes,  and  are  familiar  to  all  of  us.  On  comparison, 
striking  differences  are  discovered  between  them  :  some  are  but 
passing,  and  do  not  affect  the  proper  nature  of  the  body.  They 
are  the  results  of  forces  which  act  at  sensible  distances,  and 
which  leave  the  body  in  its  primitive  state  as  soon  as  their 
action  has  ceased.  A  piece  of  soft  iron  is  attracted  by  the 
magnet  before  contact  is  established,  and  when  under  the  mag- 
netic influence,  is  capable  of  attracting  other  soft  iron  in  its 
turn :  the  action  of  the  magnet  has  made  the  iron  itself  mag- 
netic, but  k  immediately  loses  this  property  when  the  magnet 
is  withdrawn  ;  and  further,  this  momentary  change  in  property 
has  brought  about  no  alteration  in  the  intimate  nature  of  the 
iron.  It  is  found  after  the  experiment  in  precisely  the  same 
condition  as  before. 

In  the  same  manner,  rock-crystal  undergoes  no  change  in  its 
specific  identity  by  the  passage  of  a  ray  of  light.  Withdraw 
from  the  vapor  of  water  the  heat  which  has  been  communi- 
cated to  it,  and  the  liquid  water  is  recovered  with  all  its  prop- 
erties. Restore  to  the  ice  the  heat  which  was  abstracted  in  its 
formation,  and  water  is  regenerated  as  before.  This  is  charac- 
teristic of  the  changes  produced  by  physical  forces.  Under 
the  influence  of  such  forces,  bodies  experience  modifications 
more  or  less  profound,  more  or  less  lasting,  but  which  never 
affect  their  specific  nature. 

But  the  iron  which  rusts  undergoes  a  complete  and  lasting 
change  in  its  properties  and  in  its  substance.  The  rust  is  no 
longer  iron,  and  vainly  would  it  be  sought  to  isolate  the  metal 
by  mechanical  means,  or  to  discover  its  presence  by  the  aid  of 
the  most  powerftil  microscopes.  The  metal  has  disappeared  as 
such  ;  it  has  undergone  a  complete  transformation  ;  it  has  be- 
come another  body.  It  has  attracted  one  of  the  elements  of 
the  air,  oxygen,  and  has,  moreover,  fixed  to  itself  the  moisture 
of  the  atmosphere.  These  latter  bodies,  which  differ  from  iron 
in  substance,  have  intimately  united  with  the  metal  itself,  and 
the  result  of  this  union,  of  this  combination  as  it  is  called,  is 


IMTRODCCTION. 

f  body,  rust  or  favdTjite<l  uxidt-  uf  irun.     In  this  cusc  i] 

D  in  prufuund,  th*.-  dnutice  in  butiD^c ;  ttie  fi[ieuifi(' . 

u  budy  U  aftected.    This  ia  vharacturiBtiu  uf  c/tcmiog 

nuutniir,  when  tim  charcoal  und  tlio  sulphur  k 
ttir,  they  nitrtu't  ox.yi;eu  and  (.i>mbiut;  witb  t 
uw  bodies  thai    nrv  i:a\\<iii  uaibonic  anil   i 

a  pbenumenn  miy  be  roudurcd  more  clear  by  aiiuplo  t 

vxjteiimnnte. 
Txntrnt  1. — A  gloW  (Fig.  1)  ia  filled  with  ox,vgen,  fl 
^  iiicb  cunsiitutu!  onp  of  the  «lc4npnte  of"  thu  Miiiospbcr^  j 
pDhich  is  [-niinuiitly  fitted  to  support,  combustion  ;  " 
__  tJ  a  morsel  of  cnarcoal  lighted  at  odb  end  ;  iinin«dial 
h1  gloira  with  a  brilliant  light,  the  oumbiaation  tolios  p 
It,  afid  I  bo  charcusl  is  rapidly  consumed.     But  priMent^ 
^t  tiecomes  paler,  the  oombastion  ocascs,  and  the  chai 
ta  extinKuishea.     The  oxygen  is  now  nearly  ur  ijuiti' 


id,  and  the  globe  is  filled  with  another  gas  which  is  i 
T  oxygen,  although  it  cnntxina  that  oxygun.     It  rontaiBQ 
[he  maUer  of  the  charcoal  whith  ha&  diRnppeared.  . 
\  tiro  b»die»  Imve  eombirtod  to  form  n  new  body,  which  % 
B  atnd.    This  latter  will  not  support  couibualiou.  . 
Br,  it  eslinguiKhca  burning  bodies.      It  is  then  a  h 
I  tntindy  new  pntpcrtios.  and  is  formed  by  s  eliemioi 


.■.~  -. — Into  another  jar  filled  with  ""ygen  (Fig'  8)1 
K  spoon  containing  ignited  sulphur.    The  combui 
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tion  takes  place  with  a  beauti^l  blue  flame,  and  in  burning  in 
the  oxygen  with  so  much  energy,  the  sulphur  unites  with  the 
gas  and  forms  with  it  a  new  body,  which  is  called  anhydrous 
sulphurous  acid.  It  is  a  suffocating  gas,  which  extinguishes 
flame.  It  reddens,  and  afterwards  bleaches,  a  solution  of  blue 
litmus  poured  into  the  jar.  These  are  special  properties  which 
do  not  belong  to  the  oxygen  at  first  contained  in  the  jar.  They 
characterize  a  new  body,  the  result  of  the  combination  of  the 
sulphur  with  the  oxygen,  and  formed  by  chemical  action. 

Carbon,  sulphur,  and  oxygen  are  simple  bodies  or  elements. 
They  are  so  called  because  from  neither  of  them  can  more  than 
one  kind  of  matter  be  obtained.  But  when  the  charcoal  in 
burning  unites  with  the  oxygen,  the  carbonic  acid  which  re- 
sults from  the  union  contains  two  kinds  of  matter, — carbon  and 
oxygen ;  and  these  two  elements  arc  united  in  such  an  intimate 
manner  that  the  body  which  contains  both  does  not  resemble 
either  carbon  or  oxygen :  it  is  endowed  with  new  properties 
which  do  not  in  any  manner  recall  those  of  the  elements  which 
constitute  it.  In  fact,  it  is  a  new  substance,  a  compound  body 
formed  by  the  combination  of  the  matter  of  the  charcoal  with 
the  matter  of  the  oxygen. 

Considering  the  preceding  facts,  we  may  give  to  chemistry 
the  following  definition :  chemistry  studies  those  intimate  ac- 
tions of  bodies  upon  each  other  which  modify  their  natures 
and  cause  a  complete  and  lasting  change  in  their  properties. 

Iron  may  be  reduced  to  a  fine  powder.  This  may  be  mixed 
with  sulphur  itself  reduced  to  powder,  and  if  the  mixture  be 
sufficiently  intimate,  it  will  prasent  neither  the  lemon-yellow 
color  of  sulphur  nor  the  gray-black  of  finely-divided  iron. 
Nevertheless,  a  homogeneous  substance  cannot  be  formed  in 
this  manner.  If  the  powder  be  examined  under  the  micro- 
scope, the  particles  of  iron  may  be  recognized  disseminated 
among  those  of  the  sulphur,  but  not  confounded  with  them. 
By  the  aid  of  a  magnet  the  iron  may  be  separated.  On  the 
other  hand,  if  the  mass  be  thrown  into  water,  the  particles  of 
iron  will  sink  first  to  the  bottom,  while  the  lighter  particles  of 
sulphur  remain  in  suspension.  Thus,  after  having  triturated 
the  sulphur  and  iron  together,  not  only  can  each  substance  be 
recognized  in  the  mass,  but  they  can  be  again  separated  by 
mechanical  means.  Here  there  has  been  no  chemical  action, 
but  simply  a  mixture.  If,  however,  this  mixture  be  heated, 
the  sulphur  will  first  be  seen  to  melt,  and  afterwards  the 


wtinii!  masB  vrill  bUckon  ftod  rntrr  ititu  fiiiioD  if  the  temper 
tare  ha  euffii-ienlly  elcraled.  After  i-onlini;,  it  a  perfectly  li 
•Dmus,  and  neither  iron  nor  Balplinr  oon  Ita  recapiise 
1  haTe  dinappeared  as  saiAt.,  and  iti  tlieir  [Aauc  m  lnund  a 
laore  liuvtn^'  new  properties ;  it  ia  the  Huljihidu  of  irim. 
^__._  Mjy  hnVH  diaappcxred,  hut  their  snbutiiui!*!  is  not  tout;  and 
it  m»y  be  jinivcd  by  eiperinient  that  ihe  wuiglit  of  tint  * 
phiiifi  ..f  iniu  priHluwJ  in  csai-tly  eijual  to  tliu  Bum  «" 
weights  of  tlio  iron  iiud  thi-  sulphur.  Thi!  ponderable  t 
tif  ihu  iniri  U  ihtm  added  to  tlie  punderulik'  mtoter  of  tin- « 
phur,  «id  Iiuii  foriin-il  with  it  a  union  «i  intiuinte  dml  l' 
njmilt*  n  in-w  h*nly.  thu  smailent  p«rtii-l<«  »f  wliit-h  iin.' 
fffcily  similar  to  onfh  other  and  to  the  ontinr  mass.  This  e 
ample  and  n  tluiuwiiid  others  thst  niiKht  ho  gi»»;n  prove  t 
when  Ivulii-a  comliiru!  there  is  ueittior  loss  nor  crcntion  nf  n 
ti>r.  Thu  result  of  ttii-  wjiubination,  tlml  is,  the  compoiril 
body,  conUiins  the  whole  of  the  anbstance  and  nothing  ii 

81  the  sulwtjuiui;  of  the  coiubinin^  bodiew.     This  ia  an  ei 
cbanH4«riKtiv  of  chemical  combination. 
lie  force  whicli  prenidiw  over  uhemieiU  conibinatior  is  c 
\ilg.     It  is  iroportnnt  thiii  this  foreu  he  dlstingniMhed  f 
annthn  which  h  otUiti  oppnwd  to  it,  nnd  which  is  c<ihf*i'mi. 

In  order  t(i  rcdiiec  to  pow'lor  H  wilid  Huhstjiiiee,  such  ( 
pyrites  or  swlphidp  "f  iron,  it  is  nci^wanry  to  uven^ini 
r<9iiitaniv  uppowd  hy  the  piirlielis!  of  the  unifls  to  tlieir  si  _ 
tion.  This  r(«i«lAn(-e  is  due  to  u  spediit  fon«,  wliieh  hrings 
Mid  maiutnins  in  reUthin  tit  eiieh  otJiur  tlie  htimogeneoun  jmr- 
tioluM  of  liiC  snlpliidn  of  iron,  as  indeed  of  all  solid  hodiw. 
'  ' :  (iihwion.  The  pnrticles  wliicth  are  houTid  tdftetht'r  ' 
li  I'liroe  &n.i  not  only  thnM^  minute  particles  which  Hre  vi« 
J  nuked  eye  nr  under  the  inicroscojte,  and  of  which  1 
impalpable  pnwdnr  of  a  wJid  hotly  is  linniiMisud.  ! 
les  slill  pre><i.')it  n  tnHfni'tudu  that  ran  he  measured  ; 
be  (iHL-idereil  n^  little  tunseef,  so  to  spenk,  indivisible  a 
jcehaiiii'iil  inenns  at  ntir  rotumnnd,  hut  formed  in  rcii" 
F>  siill  r^ninller  These  smolleol'  particles  of  n  si 
e  hound  by  eohesion  are  enlU-'i  mn/rrnlai.  T 
ri  ioimedialo  contnet.  vrilli  eueh  i>th<'r.  In  n  perf<«l 
compact  and  howopeneonn  mnsn,  stieh  ns  sulphide  of  iron, 
nolecnlus  do  not  wunh  eneh  nther.  Between  them  i 
Kfiuxa  iif  (Miuider3hli>  tnagnitndo,  compare*)  tn  the  reid  Tolul 
of  the  molecule.     This  iduii  mnxt  not.  be  cunlonnded  with  f 


M  pnrticK-s  Hii 
hnlv  which  ar. 
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rosity,  which  is  caused  by  those  accidental  spaces  which  form 
visible  pores  in  solid  bodies.  These  intermolecolar  spaces  are 
those  which  separate  the  molecules  of  a  homogeneous  and  com- 
pact solid  body,  and  physicists  have  further  been  led  to  believe 
that  even  in  solid  bodies  the  molecules  are  not  perfectly  immo- 
bile, but  that  they  execute  vibratory  movements  in  the  spaces 
which  separate  them,  at  the  same  time  maintaining  their  own 
relative  positions. 

If  a  solid  body  be  heated,  a  part  of  the  heat  is  employed  in 
raising  the  temperature,  another  part  serves  to  increase  the 
distances  which  separate  the  molecules :  the  body  expands  in 
becoming  heated.  But,  as  the  distances  between  the  molecules 
increase  by  the  action  of  the  heat  and  the  effect  of  the  expan- 
sion, the  molecular  attraction  necessarily  becomes  more  feeble. 
Cohesion  is  thus  somewhat  diminished,  and  if  the  heat  be 
further  increased,  it  may  be  so  much  diminished  that  the  mole- 
cules, which  have  thus  far  been  maintained  in  definite  rela- 
tions, can  move  and  glide  freely  over  each  other;  the  solid 
body  then  enters  into  fusion  :  it  becomes  a  liquid.  The  liquid 
state  is  produced  by  a  diminution  of  cohesion,  and  is  charac- 
terized by  a  greater  mobility  of  the  molecules. 

But  if  the  liquid  body  be  still  further  heated,  at  a  certain 
point  the  additional  heat  may  produce  such  a  separation  of  the 
molecules  that,  already  freed  from  all  mutual  attoction,  they 
become  completely  independent  of  each  other.  Tml^-is  char- 
acteristic of  the  gaseous  state. 

It  may  be  stated,  then,  that  cohesion  is  considerable  in  solid 
bodies,  but  slightly  energetic  in  liquids,  and  null  in  gases,  and 
we  have  just  seen  that  heat,  by  causing  the  changes  of  state  of 
a  body,  can  overcome  and  even  practically  abolish  this  physical 
force. 

Chemical  force  or  afiinitv  is  at  the  same  time  more  intimate 
and  more  powerful.  It  modifies  the  molecules  themselves.  It 
brings  heterogeneous  substances  into  intimate  relations,  and 
thus  produces  new  molecules.  A  consideration  of  the  examples 
already  cited  may  indicate  more  clearly  the  meaning  of  this 
important  proposition. 

We  have  brought  together  sulphur  and  iron,  and  by  their 
reciprocal  action  and  the  aid  of  heat  there  has  been  formed  a 
new  body, — sulphide  of  iron.  We  know  that  the  smallest  mass 
of  sulphur  we  can  obtain  is  composed  of  a  collection  of  per- 
fectly homogeneous  molecules,  aggregated  by  cohesion.    In  each 


of  them  but  one  kind  of  matter  can  be  foand.  It  is  the  aame  I 
with  iToo:  the  partidcs  of  llua  metal  arc  perfectly  homogft-^ 
Deous.     Sulphur  and  iron  lire  simple  bodies  or  elements.  ' 

Let  us  now  consider  the  sulpbiUe  of  iron  which  resulla  from 
their  combination.  This  body  also  is  formed  of  a  collection  of 
molecules,  bound  toother  by  cohesion  and  perfectly  Himilar  to 
each  other,  but  not  homogeneous,  for  in  each  molecule  we 
tin<!utsh  two  kinds  of  matter, — sulphur  and  iron. 

Il  cstnnot  be  admitted  that  these  two  substaDccs  are  coo-  3 
founded  in  the  molecitle,  or  that  the  effect  of  the  combinadmi  1 
of  sulphur  with  iron  is  an  in  terpen  etration  of  the  two  bodiai  I 
so  intimate  that  they  both  disappear  in  what  might  be  ctdled  &  J 
homogeneous  mixture.  On  the  contrary,  it  is  supposed  t 
the  combination  results  from  the  juxtaposition  of  two  infinitely  I 
small  masses,  each  of  which  possesses  a  real  m^:nitude  and  ft  I 
amatant  weijrht 

These  little  masses  that  no  force,  chemical  or  physical,  a 
divide  further,  constitute  the  ntmn*.  In  each  molecule  of  sul- 
pbidc  of  iron  there  exist  two  of  these  masses, — one  of  sulphur 
uid  one  of  iron ;  and  the  atom  of  sulphur  and  the  atom  of 
iron  are  bound  together,  hut  not  confounded,  by  chemical  force. 
And  when  sulphur  combines  with  iron  it  is  because  the  atoms 
of  the  eolphur  arrange  thumselvos  in  juxtaposition  with  those 
of  the  iron,  and  it  is  affinity  which  brings  about  the  action. 

When  lliese  atoms  u^ain  separate,  the  sulphide  of  iron  is  said 
b)  decompost.  When  it  attracts  the  atoms  of  another  body,  it 
■  uid  tu  eombine  with  that  body. 

If  sulphide  of  iron  remain  for  some  time  exposed  to  moist 
tu,  its  surface  becomes  covered  with  an  efflorescence  formed  of 
iiiline  matter.  In  this  case  it  has  attracted  one  of  the  ele- 
■unu  of  the  air,  oxygen,  with  which  it  has  combined  to  form 
giMn  vitriol  or  sulphate  of  iron. 

The  molecules  of  oxygen,  upon  which  cohesion  has  no  hold, 
ifae  bodif  beinf!  gasedns,  are  each  formed  of  two  atoms,  but 
ibeH  atums  nro  of  the  same  kind ;  the  molecules  of  sulphide 
of  iron,  on  the  contrary,  are  each  formed  of  two  unlike  atoms, — 
one  of  sulphur  and  one  of  iron.  These  latter  attract  four  atoms 
nf  oxygen,  which  constitute  two  molecules  of  that  gas,  and 
lh««  group  tliemselves  around  the  atom  of  sulphur  and  the 
Uom  of  iron,  forming  with  them  one  single  molecule,  more 
ramplex  than  the  primitive  molecule  of  sulphide  of  iron,  for 
'n  addition  four  atoms  of  oxygen. 
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1  molecule 
•alphlde  of  iron. 


1  molecule 
oxygen. 


1  molecule 
oxjgen. 


flxen 


0  0 
0  0 


and  there  results 


1  molecule 
sulphate  of  iron. 


0-O-0 


It  is  seen  from  what  precedes  that  the  words  molecule  and 
atom  are  far  from  being  synonyms.  The  chemical  molecule 
constitutes  a  whole  of  which  the  atoms  form  the  parts,  and 
these  atoms  are  held  together  by  affinity.  In  the  preceding 
figure,  this  exchange  of  affinities  between  the  atoms  is  indi- 
cated by  lines  of  union. 

Chemical  molecules  have  been  well  compared  to  edifices: 
the  atoms  constitute  the  materials,  and  it  is  readily  conceived 
that  such  molecular  edifices  differ  from  each  other  according 
to  the  nature,  number,  and  arrangement  of  the  atoms,  that  is, 
the  materials  composing  them. 

An  edifice  may  be  enlarged  by  the  addition  of  new  parts :  it 
may  be  reduced  in  size  or  it  may  be  entirely  demolished.  In 
the  same  manner  a  chemical  molecule  may  be  increased  by  the 
annexation  of  new  atoniH,  or  diminished  by  the  separation  of 
some  of  those  which  it  already  contains.  In  the  first  case 
there  is  combination,  in  the  second,  decomposition. 

We  may  still  further  consider  these  phenomena  of  combina- 
tion and  decomposition. 

Since  the  combination  of  two  bodies  results  from  the  recip- 
rocal action  of  their  atoms,  and  has  for  effect  a  change  in  the 
nature  of  the  molecules,  it  is  evident  that  it  can  only  take 
place  when  these  atoms,  and  consequently  the  molecules,  are 
brought  into  intimate  relations  ;  or  more  precisely,  when  the 
molecules  of  one  of  the  bodies  enter  within  the  sphere  of 
action  of  the  molecules  of  the  other  body.  And  this  sphere 
of  action  is  very  limited,  for  the  affinity  or  elective  attraction 
of  the  atoms  is  only  exercised  at  infinitely  small  distances. 
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It  results  that  affinity  is  often  retarded  by  cohesion,  which 
maintains  the  relations  between  the  molecules  of  a  solid  body. 
These  two  forces  are  frequently  in  opposition ,  and  that  the 
first  may  attain  the  supremacy  it  is  necessary  that  the  other 
shall  yield.  To  make  manifest  or  to  increase  the  affinity  be- 
tween two  bodies,  it  is  then  necessary  to  diminish  their  cohe- 
sion. On  this  condition  the  molecules  can  enter  within  the 
spheres  of  their  reciprocal  attraction,  and  the  atoms  of  one 
body  can  attract  those  of  the  other. 

It  has  been  seen  from  one  of  the  experiments  already  cited 
that  in  order  to  combine  iron  with  sulphur  it  is  necessary  to 
elevate  the  temperature.  Now,  the  heat,  by  fusing  the  sul- 
phur, diminishes  its  cohesion,  and,  giving  its  molecules  freedom 
of  motion,  puts  them  into  more  intimate  contact  with  those  of 
the  iron.     Chemical  action  then  commences. 

Instead  of  heating  the  sulphur  and  iron  to  bring  about 
chemical  action,  it  would  be  sufficient  to  moisten  the  mixture 
with  water.  By  the  intervention  of  this  liquid  the  particles 
of  sulphur  and  of  iron  are,  as  it  were,  cemented  together  and 
thus  brought  into  more  intimate  relations.  For  a  stronger 
reason  can  chemical  action  between  two  solids  be  facilitated  by 
dissolving  them  both  in  water  and  mixing  the  solutions.  Dis- 
solved, they  themselves  assume  the  liquid  state  and  lose,  in 
great  part,  their  cohesion.  The  ancients  understood  the  in- 
fluence of  the  liquid  state  upon  reactions,  and  stated  it  with 
exaggeration :   Ckyrpora  rum  a^unt  nixi  soluta. 

Although  the  liquid  state  facilitates  chemical  reactions,  it 
does  not  follow  that  it  always  determines  them.  Frequently 
liquids  and  even  gases,  after  being  mixed,  must  be  heated 
before  they  will  react  upon  each  other. 

Experiment, — In  a  glass  tube  (Fig.  3)  two  gases,  oxygen 
and  hydrogen,  are  mixed  in  the  proportion  of  one  volume  of 
the  first  to  two  of  the  second.  Although  the  mixture  is  per- 
fectly homogeneous  and  very  intimate,  and  although  the  cohe- 
sion of  the  gaseous  molecules  is  null,  no  action  takes  place. 
But  as  soon  as  the  mixture  is  heated  by  approaching  a  lighted 
taper  to  the  mouth  of  the  tube,  combination  takes  place  ener- 
getically. An  explosion  occurs  and  the  two  gases  unite,  form- 
ing water.  In  tlus  case  the  heat  has  determined  combination 
by  increasing  the  intensity  of  the  movements  which  animate 
the  molecules  of  each  gas,  and  so  bringing  the  molecules  of  the 
one  within  the  sphere  of  attraction  of  those  of  the  other. 
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The  electric  spark  produces  the  same  effect,  and  it  probably 
acts  by  the  heat  which  it  commuDicates  to  the  mixture. 


Fia.  3. 


More  rarely  combination  is  brought  about  by  the  influence 
of  light. 

If  a  small  bottle  be  filled  with  a  mixture  of  equal  volumes 
of  hydrogen  and  chlorine  gases,  and  then  thrown  into  the  air 
so  that  it  may  be  struck  by  the  direct  rays  of  the  sun,  the 
combination  of  the  two  gases  takes  place  instantly  and  with 
explosion. 

Such  are  some  of  the  conditions  which  favor  or  determine 
chemical  combination.  Let  us  now  study  the  circumstances 
which  accompany  these  phenomena. 

Experiment. — If  sulphur  be  strongly  heated  in  a  small  glass 
flask  until  it  begins  to  boil,  and  some  copper  turnings  be  then 
thrown  into  the  flask,  a  brilliant  incandescence  takes  place  im- 
mediately. It  is  produced  by  the  combination  of  the  two 
bodies.  Charcoal,  sulphur,  and  phosphorus  produce  a  brilliant 
light  when  they  are  burned  in  oxygen.  Their  combination 
with  the  gas  takes  place  with  evolution  of  luminous  heat 

Whenever  a  combustible  body  of  whatever  nature  bums  in 
the  air,  the  heat  and  light  are  developed  by  the  combination 
of  the  body  with  oxygen,  one  of  the  elements  of  the  air.  In 
general,  all  chemical  combinations  give  rise  to  the  production  of 
heat,  more  or  less  intense ;  in  certain  cases  it  is  luminous,  but 
more  often  it  is  obscure ;  sometimes  it  is  scarcely  perceptible. 

While  heat  acts  as  the  determining  cause  of  a  great  number 
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of  oombiiuitioiiB,  and  while  it  is  the  result  of  such  oombinadon, 
it  may  play  still  another  r61e  in  chemical  reactions.  In  place 
of  favoring  combination,  it  may  act  in  the  opposite  manner, 
separating  atoms  which  are  united  by  chemical  attraction. 

Mercury  retains  indefinitely  its  brilliant  surface  when  ex- 
posed to  the  air  at  ordinary  temperatures,  but  at  a  temperature 
near  its  boiling-point  it  slowly  attracts  the  oxygen  of  the  air, 
and  becomes  covered  with  an  orange-red  powder,  which  is  oxide 
of  mercury.  In  this  case  heat  has  assisted  the  formation  of  a 
compound. 

If,  however,  this  red  powder  be  heated  in  a  small  retort  to  a 
temperature  near  redness,  it  is  again  resolved  into  mercury, 
which  appears  in  drops  in  the  neck  of  the  retort,  and  into 
oxygen  which  may  be  collected. 

In  this  case  an  intense  heat  breaks  up  the  compound  which 
is  formed  at  a  temperature  less  elevated ;  it  occasions  a  decont'^ 
posiium. 

Heat  acts  thus  in  a  great  number  of  cases.  A  body  is  said 
to  decompose  when  the  elements  composing  it  are  separated 
from  each  other. 

The  electric  spark  may  occasion  such  separation  when  it  is 
passed  through  compound  gases.  If  a  series  of  electric  dis- 
charges be  passed  through  ammonia  gas,  the  latter  is  decom- 
posedj  that  is,  resolved  into  its  two  elements, — nitrogen  and 
hydrogen. 

In  like  manner,  the  current  of  the  voltaic  pile  decomposes 
a  great  number  of  chemical  compounds,  the  elements  of  which 
separate  and  appear,  each  at  its  appropriate  pole  of  the  bat- 
tery. The  decomposing  action  exerted  by  the  galvanic  current 
upon  chemical  compounds  was  discovered  about  the  commence- 
ment of  the  present  century  by  Nicholson  and  Carlisle.  These 
physicists  were  the  first  to  decompose  water  by  the  voltaic 
current. 

Lastly,  light  may  decompose  certain  bodies,  among  which 
are  a  great  number  of  the  compounds  of  silver.  The  art  of 
photography  is  founded  upon  the  decomposing  action  of  light 
upon  certain  of  these  combinations. 

There  is  a  certain  class  of  decompositions  which  it  is  impor- 
tant to  consider  with  attention.  They  are  occasioned  by  the 
intervention  of  more  powerful  affinities  than  those  which  main- 
tain united  the  elements  of  a  compound  body. 

If  copper  be  heated  in  the  air,  it  attracts  oxygen  and  is  con- 

2* 
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verted  inU)  a  black  powder,  a  compound  of  oxygen  and  copper, 
which  is  called  oxide  of  copper.  The  affinity  which  unitea  the 
two  bodies  is  considerabb ;  it  cannot  be  overcome  by  the  ac- 
tion of  beat  alone ;  at  any  ordinan  temperature  to  which  the 
oxide  so  formed  may  be  exposed,  llie  atoms  of  copper  atjll  re- 
main intimately  associated  witii  those  of  the  oxygen.  But  if 
this  oxide  be  mixed  with  powdered  charcoal  and  then  heated, 
a  moment  arrives  when  the  affinity  of  the  charcoal  for  the  oxy- 
gen ia  superior  to  that  of  the  copper.  The  atoms  of  oxygen 
Uien  abandon  the  copper  and  combine  with  the  charcoal,  thus 
forming  a  new  compound,  carbonic  acid,  which  is  disengaged 
in  the  form  of  gas.  Here  there  is  at  the  same  time  decompo- 
sition and  oombinatioii.  The  molecules  of  oxide  of  copper  are 
decomposed ;  those  of  carbonic  acid  are  formed. 

Nothing  is  created  in  combinations ;  nothing  is  lost  in  de- 
compositions. In  the  preceding  experiment  only  copper  re- 
mains ;  the  charcoal  and  oxygen  have  disappeared,  but  their 
aubstouoe  is  not  lost.     All  of  the  matter  of  the  charcoal  ia 


found  combined  with  all  of  the  matter  of  the  oxygen  in  the 
product  of  their  combinBtion,  the  carbonic  acid,  in  snch  a 
manner  that  the  weight  of  the  latter  added  to  the  weight  of 
the  copper  remaining,  exactly  represents  the  weight  of  the 
oxide  of  copper  and  charcoal. 


IKTftODLTCTION, 


Experiment. — Some  oxiffe  of  menmry,  of  wtudt  wu  hiivr 
Bffieu  the  dcMuimpoailioD  by  heat,  uay  ae  pliuwd  in  n  titbn 
ilirnu^h  wbiuh  is  paantMl  u  cuFTfUt  of  hydrtwhluric  udd  gns,  n 
Kw  uniutfMWMi  of  L'hloriuu  iud  hydrogen  (Pig.  4).  An  enet- 
frrtic  rtwcti'iii  takea  iilaM.  Thu  uninp-'-reil  jxiwilcr  is  iimvcrted 
iiiUi  a  wliite  HryBtalUni!  siibHtaniN),  Kud  unuli  lieut  is  proiluccil. 
At  ttic  MUic  titue  a  biudII  ({Duntity  of  tii|ui<l  Liiuden^ii^  in  tlic 
bnlb,  Tliia  is  watflr,  und  thu  wbite  piiwdpr  tbrmcd  is  nn^rwiric 
diliiridc,  iir  aiinwive  niililiuiaU',  a,  wiiujioniiJ  of  unTL-ary  aaii 
Uorinc.  The  liydroehluric  acid  ha*  ooiivert«d  ihe  niurcuric 
xide  inUi  mercuriu  tblorido.  The  muruury,  at  first  cuiuliincd 
'th  oxygen,  is  now  combinrd  with  uhlririue.  Btit  wliat  hua 
Bome  of  the  oxygeo?  It  boa  minibinod  with  ihe  bydnigea 
E  the  hydrochloric  acid,  forming  wul«r.  Wu  hnve  bnti 
■ »  picwnce  of  each  other  two  compound  bodies 


Hydnnhloriis  iwl-l. 

ihfir  rm]>rocal  artioa  two  now  compounds  resalt 
Hcroarls  oblDtialu, 
Witlar  or  utiile  at  hjJrDgtn. 

This  reac-linn  has  then  occnMoned  an  intorcban^^  of  elem< 
rile  mercury  of  the  mercuric  oxide  bas  combined  with 
chlorine  of  the  hydrochloric  ai^d,  and  the  ovyirt-'n  has  ]p(t  Llic 
mercury  and  combined  with  the  hydrogen,  which  was  aban 
doned  by  the  chlorine.  The  reaction  has  bc4>n  as  eaay  ai 
enerpetic,  tbanlcs  to  the  intervention  of  two  affinities,  for  tlit 
affinity  of  chlorine  for  mercury  baa  been  aided  by  that  of  by 
dn^D  for  osygen.     Two  molecules  are  dcutini  posed,  and  twi 

r  Diolocuies  are  formed  by  an  cxch^inge  whiA  may  ~ 

—  '  'n  the  following  manoer : 


I  the  I 
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Such  reactions,  characterized  by  an  interchange  of  elements, 
are  called  double  decompositions.  They  are  the  more  usual 
reactions  in  chemistry. 

The  examples  cited  have  been  demonstrated  by  experiments 
easy  to  comprehend  and  to  repeat,  and  are  sufficient  to  ^ve  an 
idea  of  chemical  phenomena.  We  have  seen  how,  on  the  con- 
tact of  two  heterogeneous  bodies,  this  elective  attraction,  which 
is  called  affinity  and  which  sets  in  motion  the  smallest  particles 
of  bodies,  comes  into  play  to  produce  either  combination  or 
decomposition ;  we  have  seen  how  this  force  modifies  the 
chemical  molecules  either  by  interposing  other  molecules,  or 
under  the  influence  of  physical  forces,  such  as  heat  and  elec- 
tricity. The  study  of  all  these  phenomena  constitutes  chem- 
istry,  the  science  of  molecular  changes ;  a  science  grand  in 
purpose  and  in  magnitude,  since  it  penetrates  to  the  very 
nature  of  the  bodies  surrounding  us ;  a  science  unlimited  in 
its  applications,  since  through  it  we  learn  to  know  and  control 
the  powerful  forces  which  are  at  work  in  the  most  intimate 
structure  of  matter. 

If  we  trace  the  acquired  facts  to  the  most  obvious  and  most 
certain  conclusion,  we  must  admit  the  diversity  of  matter. 
There  exists,  indeed,  a  certain  number  of  bodies,  each  of  which, 
when  submitted  to  the  various  tests  resulting  from  the  applica- 
tion of  physical  and  chemical  forces,  furnishes  but  one  and  the 
same  substance,  and  it  is  impossible  to  obtain  anything  else 
than  this  substance  from  the  body.  We  maintain,  then,  until 
proved  to  the  contrary,  that  each  of  these  bodies  contains  but 
a  single  kind  of  matter,  and  they  arc  called  simple  bodies  or 
elements.  The  chemical  forces  reside,  as  has  been  seen,  in  the 
most  remote  particles,  in  the  atoms  of  these  bodies.  In  uniting 
together,  the  elements  form  compound  bodies,  and  it  has  al- 
ready been  stated  that  such  combinations  result  from  the  juxta- 
position of  the  atoms  which  attract  each  other.  The  idea  of 
atoms  is  an  hypothesis,  but  the  hypothesis  is  based  upon  nU' 
merous  and  important  facts,  which  it  weaves  together  in  the 
most  natural  manner.  It  is  more  than  an  hypothesis :  it  is  » 
theory.  Chemists  have  universally  adopted  it,  for  it  has  ren- 
dered immense  service  to  the  science.  Let  us  proceed,  then, 
to  a  consideration  of  the  facts  upon  which  it  is  based. 


LAV  or  DBTINITE   PBOFOETIONS. 


LAW   OP  DEFINITE   PROPORTIONa 


thMBulTM — Eipsrluienu  di 

ExperimttU. — A  teet-glass  (Fig.  &)  contaiiu  a  liquid  which 
is  oniTeiBkUy  koown  as  Bitlpbnric  add.     Althoagh  lu^lj  di- 
lated  with   water,  that  is, 
mixed  with  a  large  qnan- 
tity  of  that  liquid,  it  still 
manifests    it«   presence   hj  .  | )  i  ' 
energetic     properties.       It  \j 
has   a  very  sonr  and  cor-      \ 
roeiTe  taste, — a  quality  of 
an  acid.      If  a  few  drops 
of  hlue  littnna  aolntion  be 
added  to  it  the  blue  color 
instantly  changes  to  bright 
red.    Another  glass  contains 
isolation  of  caustic  polaah 
or  potaseium  hydrate.    This 

substance  posBeasea  a  strong,  lye-tike,  alkaline  tafit«,  very  easy 
to  distinguish  from  that  of  the  acid.  The  color  of  the  blue 
U^ug  is  not  affected  by  this  liquid,  but  if  a  few  drops  of  the 
liUnoB  solution,  previously  reddened  by  an  acid,  be  added,  the 
bloe  color  is  immediately  restored.  This  caustic  substance 
lua  properties  which  arc  different  from  those  of  acids,  and 
■bich  are  called  ba^ic  or  alkaline  properties.  Potassium 
bydnte  is  an  alkali  or  powerful  base. 

If  now  the  alkaline  liquid,  which  has  a  blue  color,  be  poured 
in>p  by  drop  into  the  acid,  which  is  red,  and  the  mixture  be 
Kitred  with  a  glass  rod,  a  moment  arrives  when  the  red  color 
vf  the  acid  liquid  changes  to  blue.  Exa<^^tly  at  this  moment 
we  have  a  solution  which  has  no  action  upon  litmus ;  it  will 
not  redden  the  blue  solution,  neither  will  it  restore  the  blue 
Mtor  to  the  red.  This  may  be  demonstrated  by  dipping  into 
■t  first  a  red  and  then  a  blue  liimus-papcr.  Furthermore,  this 
iiqmd  possesses  neither  the  acid  taste  of  the  oil  of  vitriol  nor 
the  slkaline  taste  of  the  caustic  potash,  but  its  taste  is  salty. 

%  their  mixture  and  reciprocal  action  the  sulphuric  acid 
■nd  the  potash  have  lost  the  energetic  properties  which  thej 
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manifested  in  the  free  state.  They  are  exactly  saturated ;  they 
are  neutralized.  That  is,  the  liquid  which  now  contains  hoth, 
or  more  properly  the  product  of  their  reaction,  is  neither  add 
nor  alkaline ;  it  is  neutral,  and  its  neutrality  is  manifested  hoth 
hy  its  indifference  to  vegetable  colors  and  by  its  effects  on  our 
organs  of  sense.  There  is  no  excess,  neither  of  sulphuric  acid 
nor  of  potash,  but  the  two  bodies  have  reacted  exactly  upon 
each  other  and  have  both  disappeared,  and  from  their  recipro- 
cal action  two  new  bodies  result, — a  salt  called  potassium  sul- 
phate, and  water. 

Whenever  sulphuric  acid  is  thus  saturated  by  potash,  there 
arrives  a  moment  when  the  whole  of  the  acid  is  precisely  neu- 
tralized by  the  alkali,  and  when  the  two  bodies  are  converted, 
without  residue  of  either  one  or  the  other,  into  potassium  sul- 
phate and  water ;  and  it  is  always  easy  to  recognize  the  instant 
at  which  this  effect  is  produced  by  the  action  of  the  liquid  upon 
vegetable  colors,  such  as  solution  of  litmus,  or  syrup  of  violets. 
The  latter  is  reddened  by  an  acid,  changed  to  green  by  an 
alkali,  and  assumes  its  natural  violet  tint  when  the  neutral 
point  is  reached.  Now,  it  has  been  found  that  this  last  effect 
is  only  produced  when  the  acid  and  the  alkali  are  mixed  in 
certain  proportions,  which  remain  invariable,  whatever  may  be 
the  quantities  which  are  mixed.  In  other  words,  it  has  been 
found  that  the  quantities  of  sulphuric  acid  and  potash  which 
reciprocally  neutralize  each  other  and  form  potassium  sulphate, 
maintain  a  constant  ratio  to  each  other.  It  may  be  easily  proved 
that  when  the  state  of  neutrality  has  been  once  attained,  it  is 
immediately  passed  and  disturbed  by  the  least  excess  of  either 
acid  or  base  that  may  be  added  to  the  liquid.  This  is  made 
evident  by  the  immediate  change  in  the  color  of  the  liquid  to 
either  red  or  green. 

Thus,  in  order  to  form  sulphate  of  potassium  with  a  given 
quantity  of  sulphuric  acid,  it  is  necessary  to  add  an  invariable 
quantity  of  potajsh ;  and  if  the  quantity  of  sulphuric  acid  be 
increased  by  a  third,  or  in  any  proportion  whatever,  it  is  neces- 
sary to  increase  by  a  third,  or  in  the  same  proportion,  the  quan- 
tity of  potash. 

Experiments  of  this  kind  have  been  made  with  other  acids 
and  other  bases,  and  have  introduced  into  the  science  the  ftin- 
damental  notion  that  these  bodies  react  upon  each  other  in 
definite  proportions  to  form  salts,  and  that  consequently  the 
composition  of  the  latter  bodies  is  perfectly  fixed.     A  given 


DEFINITE  PROPORTIONS.  23 

quantity  of  any  acid  whatever,  invariably  saturates  a  fixed 
quantity  of  the  same  base.     This,  then,  is  the  first  point. 

It  may  be  added  that  similar  researches  made  towards  the 
dose  of  the  last  century  have  led  to  a  not  less  important  result, 
namely,  the  respective  quantities  of  several  acids  which  satu- 
rate a  given  weight  of  one  base  are  exactly  proportional  to  the 
quandtleB  of  the  same  acids  which  saturate  a  given  weight  of 
another  base.  The  law  which  governs  the  composition  of  salts^ 
was  discovered  towards  ^e  close  of  the  last  century  by  a  Ger- 
man chemist,  Richter.  We  cannot  now  expose  it  in  detail ; 
such  development  will  be  better  placed  and  better  understood 
in  that  part  of  this  work  which  treats  of  the  formation  of  salts. 
For  the  present  it  is  sufficient  to  state  that  the  law  mentioned 
is  a  consequence  of  the  law  of  definite  proportions,  and  that 
the  latter  law  is  universal.  It  applies  not  only  to  the  reaction 
of  acids  upon  bases,  but  is  true  for  all  chemical  combinations. 
It  is  generally  known  as  Dalton*s  first  law,  and  may  be  thus 
expressed :  tJie  relative  loei^hti  according  to  which  bodies  com- 
hine  are  invariable  for  each  combination. 

There  is  one  feature  of  the  laws  which  control  the  composi- 
don  by  weight  of  bodies  that  it  is  important  to  comprehend  well. 
It  may  be  best  illustrated  by  experiment : 
100  gr.  of  mercury  are  put  into  the  presence  of  chlorine 
gas,  a  body  possessing  very  powerful  affinities.     In  this  man- 
ner mercuric  chloride  or  corrosive  sublimate  is  formed,  and  it 
is  found  that  35.5  gr.  of  chlorine  are  necessary  to  convert  100 
gr.  of  mercury  into  this  compound.     These  figures — 100  and 
35.5— express  the  invariable  ratio  in  which  these  elements  are 
combined  in  corrosive  sublimate.     Here  we  have  the  definite 
proportions. 

Now  let  the  135.5  gr.  of  corrosive  sublimate  be  dissolved  in 
water,  and  a  plate  of  copper  be  placed  in  the  solution ;  this 
metal  will  displace  the  mercury,  and  combining  with  the  35.5 
gr.  of  chlorine  will  form  with  it  cupric  chloride,  which  will 
remain  in  solution,  coloring  the  liquid  green.  The  100  gr.  of 
mercury  are  then  precipitated,  and  it  will  be  found  that  31.75 
gr.  of  copper  have  entered  the  solution  and  actually  combined 
with  35.5  gr.  of  chlorine. 

Into  this  solution  of  cupric  chloride  a  plate  of  zinc  is  now 
{Ranged ;  all  of  the  copper  is  precipitated  in  its  turn,  and  33 
sr.  of  dnc  enter  into  combination  with  the  35.5  gr.  of  chlorine, 
mrming  zinc  chloride. 
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The  35.6  gr.  of  chlorine  hare  now  been  combined  snooefls- 
ively  with 

100  gr.  of  meronTj, 
31.75  gr.  of  copper, 
33  gr.  of  lino. 

These  nnmbers,  which  express  the  respective  quantities  of 
mercury,  copper,  and  sine  which  combine  with  the  same  quan- 
tity of  chlorine,  may  be  called  the  equivalents  of  these  metak 
In  fact,  these  quantities  are  equivalent  to  each  other  in  relation 
to  the  same  quantity  of  chlorine,  the  experiment  having  shown 
us  that  in  order  to  displace  100  gr.  of  mercury  combined  with 
35.5  gr.  of  chlorine  it  is  necessary  to  employ  31.75  gr.  of 
copper  or  33  gr.  of  zinc. 

To  continue,  100  gr.  of  mercury  are  combined  with  oxygen, 
and  it  is  found  that  this  quantity  of  the  metal  requires  8  gr.  of 
oxygen  to  form  the  red  powder  called  mercuric  oxide. 

But  how  much  oxygen  is  necessary  to  form  cupric  oxide 
with  31.75  gr.  of  copper?  Remarkable  as  it  seems,  exactly 
8  gr.  are  required,  and  8  gr.  are  also  requisite  to  form  oxide 
of  rinc  with  33  gr.  of  zinc. 

100  gr.  of  mercury, 
31.75  gr.  of  copper, 
33  gr.  of  zinc, 

which  are  equivalent  compared  to  35.5  gr.  of  chlorine,  are  then 
also  equivalent  in  relation  to  8  gr.  of  oxygen. 

Chlorine  itself  may  be  oxidized,  and  there  exists  a  gafleoos 
compound  of  chlorine  and  oxygen  which  contains  precisely  8 
gr.  of  oxygen  for  35.5  gr.  of  chlorine. 

Thus,  there  are  required 

35.5  gr.  of  chlorine  to  form  chlorides  with  .    .    f  J^^rf  ^p^  ©"^dw' 
8  gr.  of  oxygen  to  oxidize 1 33*gr.  of  lino,        ' 

and  also 

8  gr.  of  oxygen  to  oxidize  35.5  gr.  of  chlorine. 

In  general,  if 

A,  B,  C,         combine  with  D, 

A.  B,  C,  combine  also  with  E, 

and  further,  D  combines  with  £, 

the  letters  A,  B,  C,  D,  E,  representing  the  weights  of  the  dif- 
ferent elements  which  enter  into  combination,  or  the  propor- 
tions according  to  which  the  bodies  combine  among  themselyes. 


Thejr  *n  expreaaeil  b;  nainbur!!  lliiil  hare  been  called  comla 
■■g  mighu  nr  (sjuivfJi-uU :  tliuiio  rcpn^iont  the  ratio  «l'  weigh 
""  e  reUuvo  ffaifiUht.     Tliey  are  induc-d  relative  to  a  unit 
I  has  Htirved  an  a  term  of  wiiupurieiin,  atid  which  is  the 
t  of  hydrw,t?ii.     TUiit  in,  tii«  i]uantily  of  hydrogen 
li  oombtDea  with  iia.a  nf  i;hl(irinu  bt-in^  1.  the  MjuirnleDt 
'itUH  of  oxygen,  xiiit',  cii{)|)er,  and  luurcury  will  be  repre- 
il  1^  tho  niimiKTs  8— 33— 31 ,73— UtO. 
PVbom  are  the  tacts  r>f  expurimt^nl.     Let  33  gr.  of  zinc  ho 
Imttied  with  hydruchluric  odd,  tlie  latter  is  iinuicdintttly  do- 
rompoicd ;  ila  chlnrinc  combinia  with  the  Kinc,  forming  clilo- 
rido  of  Bine,  and  ile  hydrog«i  is  diaengagod.     In  this  unprri- 
ueiit  the  hydrogen  of  tho  hydrochlorio  acid  is  simjily  diaplaued 
Now,  33  gr.  of  this  metal  will  dbplaoc  ifxadljy. 
r.  of  hydrogen, 

i  ie  aeon  that  the  nambere  which  have  been  given  do 

8  absolute  qaaiititie«,  but  merely  tbt-  relative  weights 

g  la  whioh  the  budioB  combiue  or  replace  each  other 

da.  these  relative  weights  being  compared  to  that 

I,  whifli  is  taken  as  anitj. 

[i  is  the  sigiii&uution  of  tbe  uumbera. 

SI.T5      S.1         Si.b  a  I 


I 


r,  itDB,   elilorinB,   otjgvn,  bjJrogoi.  ^ 

9  being  adtDittc<l,  In  order  to  determine  the  equivalent 

I  olciDi'nt  il  is  siiffii.ieni  to  find  the  unatitity  of  that  elo- 

[.  whieh  wmbines  cither  with  1  of  hydrogen  or  with  a 

intityof  auiither  element  which  b  onuivalcnt  to  1  of  hydro- 

t,  for  instance,  S  of  oxygen. 

B  The  notiun  of  ctjulvaleut  proportions  can  be  uoderstood  from 

t  preceding  eons  i  deration  a ;  it  appears  as  a  coniwtjuerice  ut' 

t  law  uf  definite  prolionious;   it  uuuipreliends  certain  facts 

I  to  the  laws  of  ilie  cvmpusition  uf  bodies,  but  it  by  no 

represents  the  full  wmpe  of  tlicse  lawa.     The  following 

ipmcuU  add  important  leatures. 

Ml-LTIl'LE   PROPORTIO.VS. 

»  bodice  may  cimhiiie  in   several   proportior 
I  oxjg«n,  tarbon  forms  two  compiiundi*,  both  of  which  a 
HU.     The  Ivea  rich  in  oxygen  id  carbon  monoxide;    ' 
IT  n  varbou  dioxide,  or  carbutile  auid  gas.     Doltou  was 
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first  to  perceive  that  for  the  same  quantity  of  carbon,  carbonic 
acid  contains  exactly  twice  as  much  oxygen  as  carbon  monoxide. 
He  made  analogous  observations  concerning  the  composition 
of  two  compounds  of  carbon  and  hydrogen,  the  monocarbide 
of  hydrogen  or  marsh  gas,  and  the  dicarbide  of  hydrogen  or 
olefiant  gas.  From  these  observations  he  deduced  the  law  of 
multiple  proportions,  which  may  be  thus  stated :  when  ttoo 
bodies,  simple  or  campouiid,  unite  in  several  proportions  to 
form  several  compounds,  the  weight  of  one  of  these  bodies 
being  considered  as  constant,  the  weights  of  tlie  other  vary 
according  to  a  simple  ratio. 

Thus,  taking  up  one  of  the  examples  given  above,  carbon 
unites  with  oxygen  in  two  proportions : 

Carbon  monoxide  contains  IG  parts  of  oxygen  to  12  parts 
of  carbon. 

Carbon  dioxide  contains  32  parts  of  oxygen  to  12  parts  of 
carbon.     The  numbers  16  and  32  are  in  the  ratio  of  1  :  2. 

Nitrogen  forms  five  compounds  with  oxygen ;  if  such  quan- 
tities of  these  compounds  be  taken  as  contain  the  same  weight 
of  nitrogen,  the  weights  of  the  oxygen  will  be  proportional 
to  the  numbers  1,  2,  3,  4,  5. 

Nitrogen  monoxide  contains  for  2S  parts  of  nitrogen  16  parts  of  oxygen. 
Nitrogen  dioxide  "  28         "  "  32        "  « 

Nitrogen  trioxide  "  28        "  "  48        "  " 

Nitrogen  tetroxide  "  28        "  "  64        "  " 

Nitrogen  pentoxide  "  28        "  "         80        «*  " 

These  numbers,  16,  32,  48,  64,  80,  are  multiples  of  the  first 
by  the  numbers  1,2,3,  4,  5. 

Five  compounds  of  manganese  and  oxygen  are  known,  and 
similar  relations  exist  between  the  quantities  of  oxygen  con- 
tained in  these  compounds. 

The  first      contains  55  parts  of  manganese  to  16  of  oxygen. 
The  second        "        55  "  "  24  " 

The  third  "        65  "  "  32  " 

The  fourth        "        55  "  "  48  " 

The  fifth  "        55  "  "  56         " 

The  numbers  16,  24,  32,  48,  56  are  in  the  simple  propor- 
tion 1  :  1.5  :  2  :  3  :  3.5. 

Such  is  the  law  of  multiple  proportions  discovered  by 
Dalton. 

HYPOTHESIS   OP   ATOMS. 

The  brilliant  researches  of  Dalton  did  not  terminate  with 
the  acquisition  ot  facts,  but  sought  to  account  for  them  by  a 
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Borclica]  conc«pHou.     T&kbg  up  lie  old  idea  of 

e  wiinl  of  Epiounw,  he  swppofwd  all  ponderable  i 

jomiwised  of  bidivisible  partifles  whicli  he  called  ainma. 

ve  It  {ireviee  metuUDg  to  the  va^e  aud  aacimil  itutiou  by 

ideriug  im  iine  huud  llmt  the  ntuius  iif  tuch  kind  of  muller, 

'  ivuriuble  weight,  and  on  the  iillier 

it  Ctiuihliutlii)ii  brtWiMin  dilTerttiit  kiri<]«  of  nintt<-r  ivsult^  from 

fl  jnxtaposi^oit  i)f  tbeir  utouiR.     Kurh  is  tbe  ntoiiiie  liypothe- 

1,  thn  Gubatance  of  whii-b  we  bavn  nln-ad;  indicated  in  Ircnt' 

f  chcmieal  pheDODienn  in  n  gL-n^rnl  manner.     It  permil-R 

iniple  und  rational  iuterjiretation  of  the  laws  of  tbe  coinpO' 

n  of  bodiett,  and  establishes  between  tbc«c  laws  a  firm  bond 

"  -otl,  if  the  combination  of  bodies  results  from  the  juita- 
n  of  their  atoms,  tbe  l3tl«r  being  conitidered  as  indiviai- 
d  poBBcssing  a  con^laDl  weight  for  each  element,  it  \s 
t  that  cumbination  eaii  only  take  place  in  definili?  pro- 
ta,  for  the.Ee  proportions  represent  the  invariable  relatione 
n  tbe  woighte  of  the  atoms  which  are  in  juxtAposition. 
D  the  other  hand,  one  bodj  may  eomhioe  with  another  in 
I  proportions,  anch  comfatnation  can  only  take  place  by 
)f  joxti^Mwition  of  1,  2,  3,  4,  etc.,  atoms  of  one  body  with 
"  LS  of  the  other.  Il  evidently  results  that  the 
t^ht  of  llie  latter  body  being  constant,  tbe  weights  of  the 
r  in  these  various  uontbiiiaiiona  must  be  multiples  of  each 

WAa  hypothesis  which  gives  ouch  a  simple  nn<l  preeiiie  ex- 
atlun  ol'  the  feints  relative  t*>  deKidle  and  imi!ii|ile  propor- 
I  ia  surely  worthy  of  attention.  It  aeiinires  still  furtlier 
piirt  ftod  becomes  elevalinl  to  tbe  rank  of  ii  theory  when  to 
i  (kctfl  are  added  otbere  entirely  different  tVom  the  first, 
|t  not  lees  important. 

OAY-LUSSACS  LAWS,— ATOMIC  TnEOBV. 

— Ediiliopi  «■ 
I'uf  gURt  HUd  itieir'alamia  rtnd  molroulDr 
tm  St  Tapoti  oonlkin  ths  inno  nnmlisT  of 
lighli  an  equal  lu  doable  Ibo  deneiliea  compu 


luti};  these  new  ttuAn  it  is  i.-onvenieut  to  firxt  notiee  thoM 
_i  were  discovered  bv  fiFiy-Lussiie,  from  1805  to  180S. 
rrdate  to  the  volumes  of  gnsns  whiub  combine  together. 
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Eapsriment. — 10  cubic  centimetres  of  hydrogen  and  5  cubie 
— '■—  -'— "  if  oxygen  are  introdutjed  into  a  tube  (Fig.  6),  which 
is  iurerted  over  the  mer- 
cury-troi^h.  Thegueou 
mixture  ocenpies  the  up~ 
per  portion  of  the  tobe, 
which  in  an  eudiometer. 
Into  the  upper  extremi^ 
of  tliis  tube  is  hermeti- 
eally  cemented  a  small 
I  iron  wire  with  a  little 
I  ball  at  each  eztremi^. 
I  Another  iron  wire  paBseg 
through  the  wall  of  the 
tube  at  a,  short  distance 
from  the  upper  extremt^, 
iu  aucb  a  munner  that  the 
interior  cKtremity  of  this 
second  wire  is  opposite, 
and  at  a  short  distance 
from  the  lower  ball  of  tlie 
superior  and  vertical  wire. 
A  little  iron  chain  is  at- 
tached to  the  exterior  end 
of  ihe  horiEont«l  wire,  and 
dipB  into  the  niereury  of  the  trough.  Things  being  thna 
arranged,  the  inferior  extremity  of  t!iu  eudiometer  is  clornd 
by  an  iron  cap,  and  the  chargi^d  pintc  of  an  eleelrophorua  it 
approached  to  the  upper  button.  A  spark  instantly  paasea  be- 
tween the  two  buttuns  in  the  eudiometer,  and  a  bright  flaeh  is 
seen  to  fill  the  whole  space  occupied  by  the  gaseous  mixture. 
The  uombinalion  of  the  two  gasen  hiis  taken  place  with  tlie 
development  of  luminous  heat.  Water  has  been  formed,  and 
is  eondenscd  in  drops  too  small  to  be  perceptible..  If  now  tlie 
eudiometer  be  opened,  by  removing  the  cap  which  closes  it 
under  the  mercury,  the  fatter  at  once  rises  to  the  top  of  the 
tube,  and  fills  the  whole  of  the  space  at  first  occupied  hy  the 
hydrogen  and  oxygen.  These  gases  have  then  combined  exaoUj 
in  the  proportion  of  10  volumes  of  the  first  to  5  of  the  aeoond, 
or  more  umply,  in  the  proportion  of  2  volumes  to  1  Tolome. 

If  the  eudiomet«r-tube  be  now  snrrounded  by  a  wider  glan 
tube,  and  the  latter  be  filled  with  oil  heated  to  120°,  the  belt 
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communicated  to  the  eudiometer  will  be  sufficient  to  convert 
mto  steam  the  water  which  was  condensed,  and  it  may  be 
proved,  all  corrections  being  made,  that  the  vapor  occupies  a 
volume  equal  to  exactly  10  cubic  centimetres ;  that  is,  a  volume 
equal  to  that  of  the  hydrogen  employed. 

From  the  facts  thus  established  we  draw  the  conclusion  that 
2  volumes  of  hydrogen  exactly  combine  with  1  volume  of 
oxygen  to  form  2  volumes  of  vapor  of  water. 

There  is  thus  determined  a  simple  ratio  not  only  between 
the  volumes  of  hydrogen  and  oxygen  which  combine,  but 
farther,  between  the  volume  of  vapor  of  water  formed  and 
the  sum  of  the  volumes  of  the  composing  gases.  3  volumes 
of  the  latter  are  reduced  to  exactly  2  by  the  combination. 

Analogous  facts  have  been  discovered  for  other  gases,  as 
shown  by  the  following  examples : 

2  Tolnmes  of  nitrogen  +  1  Tolume  of  oxygen  =  2  volnmes  of  nitrogen 

monoxide. 
2  Tolames  of  chlorine  +  1  volume  of  oxjgen  =  2  volumes  of  chlorine 

monoxide. 

In  other  cases  the  combination  of  two  gases  determines  a 
still  greater  contraction,  and  the  initial  volume  is  reduced  one- 
balf.    Thus 

1  Tolame  of  nitrogen  +  3  volames  of  hydrogen  =  2  volumes  of  ammonia 

Finally,  when  two  gases  combine  in  equal  volumes,  their 
combination  usually  takes  place  without  contraction  ;  in  other 
words,  the  volume  of  the  gas  produced  is  equal  to  the  sum  of 
the  volumes  of  the  component  gases. 

From  these  collected  facts  we  may  draw  the  following  general 
conclusions : 

1.  There  is  a  simple  relation  between  the  volumes  of  gases 
which  combine. 

2.  There  is  a  simple  relation  between  the  sum  of  the  volumes 
of  the  combining  gases  and  the  volume  of  the  gas  resulting 
from  the  combination. 

These  laws  were  first  signalized  by  Gay-Lussac,  whose  name 
is  attached  to  them.  Their  importance  is  immense ;  they  have 
added  a  notable  development  to  the  atomic  theory. 

If  the  definite  proportions  by  weight  in  which  bodies  com- 
bine represent,  according  to  Dal  ton,  the  relative  weights  of 
their  atoms,  it  is  natural  to  conclude  that  the  definite  and 
simple  proportions  by  volume  in  which  gases  combine,  accord- 
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ing  to  Gay-Lus8ac,  represent  the  volumes  occupied  by  the 
atoms.  Under  the  same  volume  gases  would  then  contain 
the  same  number  of  atoms.  This  was  first  proposed  by  Am- 
pere, who  bitsed  his  conclusion  on  the  important  consideration 
that  gases  dilate  and  contract  nearly  equally  when  submitted 
to  the  same  variations  of  temperature  and  pressure.  Within 
certain  limits  the  proposition  is  true ;  it  applies  to  a  large  num- 
ber of  simple  gases.  But  if  equal  volumes  of  these  gases, 
measured,  let  it  be  well  understood,  under  the  same  conditions 
of  temperature  and  pressure,  contain  the  same  number  of  atoms, 
it  is  evident  that  the  weights  of  these  equal  volumes  should 
represent  the  weights  of  the  atoms.  In  other  words,  the 
atomic  weights  of  the  simple  gases  should  be  proportional  to 
their  densities. 

The  densities  of  gases  and  vapors  represent  the  weights  of 
these  giusos  or  vapors  compared  to  the  weight  of  an  equal 
volume  of  air.  To  determine  the  density,  a  certain  volume  of 
the  given  gius  is  weighed,  and  this  weight  is  divided  by  that  of 
an  equal  volume  of  air,  under  the  same  conditions  of  tempera- 
ture and  pressure.  The  air  is  then  the  unit  to  which  are  com- 
pared the  densities  of  gaseous  bodies.  On  comparing  these 
densities  to  that  of  hydrogen/  which  we  take  as  unity,  we  find 
that  the  same  numbers  express  almost  exactly  the  densities  and 
the  atomic  weights,  the  unit  to  which  the  densities  are  com- 
pared, that  is,  hydrogen,  being  the  same  as  that  to  which  are 
compared  the  atomic  weights.  The  figures  in  the  foUowing 
table  demonstrate  this  to  be  the  case : 


Elements. 


Hydrogen 

Oxygen     

Nitrogen 

Sulphur  (den^ty  at  1000°) 

Chlorine 

Bromine 

Iodine 


Densities  of 
GoBes  or  Vapors, 
Air  being  Unity. 


0.069.3 

1.1056 

0.97U 

2.22 

2.44 

5.393 

8.716 


Densities, 

Hydrogen  being 

Unity. 


1 
15.9 
14 
32 
35.2 
77.8 
125.8 


Atomic 
Weights. 


1 
16 
14 
32 
85.5 
80 
127 


1  To  do  this  it  is  sufficient  to  multiply  the  densities  of  the  gases  oompared 

to  air  by =>  14.44,  which  is  the  density  of  the  air  oomiMured  to  hj- 

0.0693  r—  -w 

drogen  as  unity. 
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It  is  seen  from  this  table  that  if  the  densities  of  gases  be 
compared  to  hydrogen  as  unity,  just  as  the  weights  of  their 
atoms  are  compared  to  hydrogen  as  unity,  the  same  figures,  or 
very  nearly  the  same  figures,  express  both  the  densities  and 
the  atomic  weights.  We  may  add  that,  for  all  the  elements 
taken  in  the  gaseous  state,  there  has  been  determined  between 
the  densities  referred  to  hydrogen  and  the  atomic  weights,  if 
not  equality,  at  least  a  simple  ratio.  These  remarkable  rela- 
tions were  pointed  out  by  Gay-Lussac. 

Equal  Yolumes  of  the  simple  gases  above  enumerated  con- 
tain the  same  number  of  atoms.  Two  volumes  of  hydrogen, 
then,  contain  twice  as  many  atoms  as  one  volume  of  oxygen  ; 
and  when  these  gases  combine  in  the  ratio  of  2  volumes  of  the 
first  to  1  of  the  second,  we  must  admit  that  each  atom  of  oxy- 
gen combines  with  2  atoms  of  hydrogen.  We  say,  then,  that 
water  is  composed  of  2  atoms  of  hydrogen  and  1  atom  of  oxy- 
gen. These  three  atoms  so  united  constitute  the  smallest 
quantity  of  wat^r  that  can  exist  in  the  free  state.  This  is 
wJled  a  molecule  of  water. 

But  what  volume  does  this  molecule  occupy  ?  The  experi- 
ment has  shown  us.  We  have  seen  that  2  volumes  of  hydro- 
gen, in  combining  with  1  volume  of  oxygen,  yield  2  volumes 
of  vapor  of  water.  One  molecule  of  water  in  the  gaseous  state, 
then,  occupies  2  volumes,  if  1  atom  of  hydrogen  occupy  1 
volume,  and  if  1  atom  of  oxygen  occupy  1  volume.  It  is 
seen  that  the  volumes  represent  the  atoms,  and  the  relative 
weights  of  equal  volumes,  that  is,  the  densities,  represent  the 
weights  of  the  atoms. 

Let  us  now  consider  another  compound  gas, — ammonia, — 
composed  of  hydrogen  and  nitrogen.  A  very  simple  experi- 
ment will  show  in  what  proportion  the  atoms  of  these  elements 
we  combined  in  this  gas,  and  the  volume  occupied  by  the 
compound  compared  with  the  volumes  of  its  component  gases. 

Experiment. — 100  volumes  of  ammonia  gas  are  introduced 
into  a  tube  inverted  upon  the  mercury-trough  (Fig.  7),  and 
the  walls  of  which  are  pierced  at  the  upper  end  by  two  plati- 
num wires,  between  the  ends  of  which  a  small  space  is  left. 
To  these  wires  are  attached  the  extremities  of  the  two  con- 
ducting wires  of  a  Ruhnikorff  coil,  and  the  current  is  passed 
so  that  a  series  of  electric  sparks  traverses  the  ammonia  between 
the  extremities  of  the  wires  in  the  tube.     The  gas  is  imme- 
diately decomposed,  and  the  level  of  the  mercury  in  the  tube 
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ia  depressed.  When  the  experiment  has  terminated  it  is  foond 
that  the  volume  of  the  gaa  has  been  doubled.  Inal«ad  of  100 
volumes,  there  arc  now  2U0,  the  gas  being  measured  under  the 
same  conditions  of  temperature  and  pressure  as  before.  It  ia 
found,  by  an  analytical  process  that  nill  be  indicated  further 
oa,  that  these  200  volumes  of  gas  resulting  from  the  decompo- 


sition of  100  volumes  of  ammonia  are  composed  of  150  voV 
times  of  hydrogen  and  511  volumes  of  nitrogen.  These  150 
volumes  of  hydrogen  and  50  volumes  of  nitrogen  are  condensed 
by  their  union  into  lUU  volumes  of  ammonia.  In  other  words, 
3  volumes  of  hydrogen  and  I  volume  of  nitrogen  are  combined 
together  in  2  volumes  of  ammonia.  And  as  the  volumes  rep- 
resent atoms,  it  follows  that  in  ammonia  gas  3  atoms  of  hydro- 
gen are  combined  with  1  atom  of  nitrogen.  But  the  quantity  of 
ammonia  containing  1  atom  of  nitrogen  and  ^i  atoms  of  hydro- 
gen is  the  smallest  (|uantity  of  ammonia  that  can  esist.  It  ii 
a  vwlecuie  of  ammonia,  and  this  molecule  occupies  2  volumes, 
if  1  atom  of  nitrogen  or  1  attim  of  hydrogen  occupy  1  volume. 

Here,  then,  is  another  c<imponnd  gas, — ammonia, — of  wbidi 
the  molecule  occupies  2  volumes,  like  that  of  water.  It  is  the 
same  with  all  the  gases.  All  of  the  atoms  which  are  combined 
to  constitute  the  molecule  of  a  gas  or  vapor  are  so  condensed 
that  the  molecule  occupies  the  same  volume  as  the  molecule  of 
vapor  of  water,  or  the  molecule  of  ammonia. 

We  may  state,  then,  with  the  Italian  chemist,  Av<^adro, 
that  i^ii'il  vo/amei  of  gimrii  cni/iiiii  the  name  number  of  mole- 
culee,  and  that  each  of  those  molecules  occupies  2  volumes, 
if  1  atom  of  hydrogen  occupy  1  volume.  It  follows  that 
the  weight  of  2  volumes  of  a  compound  gas  represents  the 
weight  of  its  molecule,  the  weight  of  one  volume  of  hjdn^en 
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being  1.  Bat  the  weight  of  2  yolumes  of  a  gas  or  vapor  is 
Qothmg  more  than  the  doable  of  its  density  compared  to  hy- 
drogen ;  for  the  density  is  the  weight  of  1  volume  compared 
whh  the  weight  of  1  volume  of  hycfiogen.  To  find  the  weight 
of  the  molecule  (the  weight  of  2  volumes)  of  a  gas  or  vapor, 
it  is  then  only  necessary  to  multiply  its  density  compared  to 
hydrogen  (the  weight  of  1  volume)  by  2. 

The  densities  of  gases  and  vapors  are  generally  referred  to 
air  as  unity.  To  bring  them  to  the  hydrogen  standard,  they 
are  multiplied  by  the  number  expressing  the  relation  of  the 
density  of  hydrogen  to  that  of  air,  which  is  T^.^^Vmr  =  14.44. 
The  product  thus  obtained  expresses  the  density  compared  to 
hydrogen,  that  is,  the  weight  of  1  volume.  To  find  the  weight 
of  2  volumes,  or  the  molecular  weight,  it  is  then  only  necessary 
to  mnltiply  the  densities  compared  to  air  by  twice  the  ratio  of 
the  density  of  the  air  compared  to  hydrogen,  that  is,  by  the 
constant  factor, — 

1  2 

^  ^  510693  ^  OMn  =  ^®-®®- 

It  is  seen  that  if  the  atomic  weights  of  certain  gases  can  be 
deduced  from  a  comparison  of  their  densities,  this  same  physi- 
cal notion  may  also  serve  for  the  determination  of  the  molecu- 
lar weights  of  compound  gases. 

The  numbers  which  represent  double  the  densities  of  gases 
or  vapors  compared  to  hydrogen,  express  also  the  molecular 
weights  of  these  gases  or  vapors,  that  is,  the  weight  of  all 
the  atoms  in  the  molecule,  the  weight  of  one  atom  of  hydrogen 
being  1. 

Considering' the  examples  already  given,  we  may  deduce  the 
molecular  weights  of  water  and  of  ammonia  from  the  densities 
of  steam  and  ammonia  gas. 

The  density  of  vapor  of  water,  determined  by  Gay  Jjussac 
18  0.6285.  To  find  the  molecular  weight  of  water,  it  is  sufii- 
cient  to  multiply  this  figure  by  28.88.  The  product,  18,  ex- 
presses the  weight  of  a  molecule  of  water,  which  is  indeed 
composed  of 

2  atoms  of  hydrogen =2 

1  atom  of  oxygen =16 

1  molecule  of  water r^  18 

Sir  Humphry  Davy  found  for  the  density  of  ammonia  the 

B* 
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number  0.5901.  This  being  multiplied  by  28.88,  the  product, 
17.04,  should  represent  the  weight  of  one  molecule  of  am- 
monia.    Ammonia  contains 

3  atoms  of  hydrogen 3 

1  atom  of  nitrogen 14 

1  molecule  of  ammonia 17 

The  discovery  of  the  laws  which  govern  the  combination  of 
gases  by  volume  has  seconded  in  the  most  efficacious  manner 
the  progress  of  the  atomic  theory. 

In  the  first  place,  it  has  established  a  marked  distinction  be- 
tween the  old  idea  of  equivalents  and  the  modem  one  of  atoms. 
The  equivalents  represented  merely  the  ponderable  proportio^^ 
according  to  which  bodies  combine  ;  the  atomic  weights  repre- 
sent the  relative  weights  of  the  volumes  of  gases  which  com- 
bine. The  equivalent  of  hydrogen — unity — expressed  merely 
that  hydrogen  was  the  unit  to  which  were  referred  the  weights 
of  other  bodies  with  which  it  entered  into  combination.  The 
atomic  weight  of  hydrogen  is  the  weight  of  one  volume  of 
hydrogen,  taken  as  unity,  and  to  this  unit  are  referred  the 
atomic  weights  of  other  bodies. 

In  the  second  place,  the  discovery  of  Gay-Lussac  has  shown 
how  the  atomic  weights  of  simple  bodies  and  the  molecular 
weights  of  compound  bodies  can  be  determined  from  the  den- 
sities of  gases  and  vapors. 

However,  this  resource  would  be  insufficient  in  very  many 
cases.  It  only  applies  to  gaseous  bodies,  or  such  as  can  be 
conveniently  converted  into  vapor.  Now,  there  are  many  sub- 
stances with  which  this  is  impossible,  and  serious  difficulties 
would  be  encountered  in  the  determination  ©f  the  atomic 
weights  of  certain  elements  were  it  not  for  another  physical 
law,  discovered  by  two  French  physicists,  Dulong  and  Petit 
It  denotes  the  relations  which  exist  between  the  specific  heats 
and  the  atomic  weights. 

LAW    OP   SPECIFIC    HEATS. 

It  is  known  that  in  order  to  raise  the  temperatures  of  differ- 
ent bodies  through  the  same  number  of  thermometric  degrees 
very  different  amounts  of  heat  are  required.  Thus,  one  kilo- 
gramme of  water  requires  80  times  more  heat  than  one  kilo- 
gramme of  mercury  to  raise  its  temperature  one  degree,  and 
if  the  quantity  of  heat  required  to  raise  the  temperafcaie  of 


LAW  OF  SPECIFIO  HEATS. 


35 


one  kilogramme  of  water  one  degree  be  represented  by  1,  the 
quaDtity  required  to  raise  the  same  weight  of  mercury  one 
degree  will  be  represented  by  0.0333  =  -j^.  This  fraction  ex- 
presses the  specific  heat  of  mercury  between  0  and  100°. 

The  specific  heat  of  a  solid  or  liquid  body  is  then  the  amount 
of  heat  required  to  raise  the  temperature  of  a  certain  weight  of 
the  body  one  degree,  the  amount  required  to  raise  the  tempera- 
ture of  an  equal  weight  of  water  one  degree  being  taken  ai 
unity. 

In  1820,  Dulong  and  Petit  discovered  the  remarkable  fact 
that  if  the  figures  which  express  the  atomic  weights  of  the 
elements,  liquid  or  solid,  be  multiplied  by  those  which  express 
their  specific  heats,  the  product  obtained  is  sensibly  constant ; 
in  other  words,  the  specific  heats  of  the  elements  are  inversely 
as  their  atomic  weights.  It  results  that  if  such  quantities  of 
the  elements  be  taken  as  represent  their  atomic  weights,  the 
amount  of  heat  required  to  raise  the  temperature  of  each  one 
degree  will  be  sensibly  the  same.  The  law  discovered  by  Du- 
long and  Petit  may  then  be  expressed, — the  atoms  of  the  solid 
^kmetits  possess  sensibly  the  same  specific  heats. 

This  law  permits  the  deduction  of  the  atomic  weights  from 
the  specific  heats.  Indeed,  it  is  evident  that  if  the  product  of 
the  specific  heats  by  the  atomic  weights  be  a  constant,  that 
may  be  called  the  atomic  heat^  dividing  this  product  by  the 
specific  heat  should  give  the  atomic  weight.  The  product 
which  represents  the  atomic  heat  is  0.4,  very  nearly,  as  may  be 
seen  fi-om  the  following  table : 


Names  or  tub  Solid  Elemxnts. 


Sulphur,  between  0  and  100°  .     . 

Selenium 

Tellurium 

Bromine,  between  — 78  and  — 20° 

Iodine,  between  0  and  100°  .  . 
Phoephoru8,  between  +  1  and  30° 

Arsenic 

Carbon,  diamond,  at  600°  .  .  . 
Boron,  crystallized,  at  600°      .     . 

Silicon,  at  1000° 

Potaflaium 


Specific 
Heats. 


0.2026 

0.0762 

0.0474 

0.0843 

0.0541 

0.1887 

0.0814 

0.46 

0.5 

0.202 

0.1695 


Atomic 
Weights. 


32 

79.5 
129 

80 
127 

31 

75 

12 

11 

28 

39.1 


Products  of  the 
Specific  Heats 
by  the  Atomic 

Weights. 
Atomic  Heats. 


6.483 

6.058 

6.115 

6.744 

6.873 

5.850 

6.105 

5.52 

5.5 

5.66 

6.500 
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Names  or  th£  Soud  Elkmcnts. 


Sodium,  between  — 34  and  +  7°  . 

Lithium 

Tliallium 

Magnesium 

Aluminium 

Manganese 

Iron 

Zino 

Cadmium 

Cobalt 

Nickel 

Tungsten 

Molybdenum 

Lead 

Bismuth 

Copper 

Anlimony 

Tin 

Mercury,  between  — 77.5  and  — 44° 

Silver 

Gold 

Platinum 

Palladium 

Osmium 

Rhodium 

Iridium 


Specific 
Heats. 


0.2934 

0.9408 

0.03355 

0.2499 

0.2143 

0.1217 

0.0110 

0.09555 

0.05669 

0.1068 

0.1089 

0.0334 

0.0722 

0.0314 

0.0308 

0.09515 

0.05077 

0.05623 

0.03247 

0.05701 

0.0324 

0.03293 

0.0593 

0.03063 

0.05803 

0.03259 


Atomic 
Weights. 


23 

7 

204 

24 

27 

55 

56 

65.2 
112 

59 

59 
184 

96 
207 
210 

63.5 
120 
118 
200 
108 
197 
197.6 
106.5 
199.2 
104.4 
198 


Products  of  the 
Specific  Heats 
by  the  Atomic 

Weights. 
Atomic  Heati. 


6.748 
6.586 
6.844 
5.998 
5.78« 
6.693 
6.116 
6.230 
6.340 
6.301 
6.424 
6.146 
6.931 
6.499 
6.468 
6.042 
6.092 
6.635 
6.494 
6.157 
6.383 
6.503 
6.315 
6.101 
6.058 
6.452 


Carbon,  silicon,  and  boron  have  long  been  regarded  as  ex- 
ceptions to  Dulong  and  Petit's  law.  Their  specific  heats  had 
been  determined  at  comparatively  low  temperatures,  and  the 
products  of  the  numbers  obtained  by  the  atomic  weights  fell 
much  below  6.4.  These  exceptions  have  disappeared ;  the  ex- 
periments of  M.  Weber  have  shown  that  the  specific  heat  of 
carbon,  silicon,  and  boron  increa.ses  with  the  temperature,  and 
that  for  the  first  two  elements  it  attains  a  limit,  where  it  re* 
mains  sensibly  constant.  The  figures  given  in  the  preceding 
table  for  these  three  elements  are  those  of  M.  Weber,  and  it  is 
seen  that  on  multiplying  them  by  the  respective  atomic  weights 
of  carbon,  silicon,  and  boron,  values  are  obtained  which  are 
sensibly  near  6.4. 

It  will  otherwise  be  remarked  that  there  are  sensible  diffe^ 
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eiKL'.s  betwet'ii  the  numbers  expressiui^  tlie  uloiiiie  heals  oi'  the 
yarious  solid  elements,  showing  that  Dulong  and  Petit's  law, 
although  true  in  its  generality  and  striking  in  ita  enunciation, 
is  not  firee  from  certain  perturbations  which  give  to  it  the 
eharacter  of  an  approximate  law.  It  is  the  same  with  other 
physical  laws,  Mariotte's  law,  for  example. 


ISOMORPHISM. 

While  considering  the  atomic  theory  and  the  determination 
of  the  relative  weights  of  the  ultimate  particles  of  bodies,  we 
cannot  pass  in  silence  a  discovery  which  has  had  a  great  influ- 
ence upon  the  development  of  that  theory.     It  is  due  to  £. 
Mitscherlich,  who,  in  1819,  made  known  the  law  of  isomor- 
phism.    This  law  may  be  thus  stated :  there  is  such  a  relation 
between  the  atomic  constitutions  of  compound  bodies  belonging 
to  the  same  group  and  their  crystalline  form,  that  "  the  same 
number  of  atoms  combined  in  the  same  manner  produce  the 
same  crystalline  form,  the  latter  being  independent  of  the 
chemical   nature   of   the   atoms,   and   determined   solely   by 
their   number   and   arrangement."      The   importance  of  the 
proposition  as  regards  the  atomic  structure  of  bodies  is  self- 
evident.     We  wiU  reconsider  it  when  treating  of  the  general 
characteristics  of  salts,  but  we  may  remark  here  that  it  has 
been  of  great  value  in  the  determination  of  certain  atomic 
weights.     Indeed,  in  some  cases  considerations  of  a  chemical 
nature  cannot  decide  between  two  numbers  for  the  atomic 
weight  of  a  given  element.     The  choice  is  then  determined  by 
the  following  considerations :  such  a  value  must  be  attributed 
to  the  atomic  weight  that  the  isomorphous  compounds  formed 
by  the  element  and  by  another  to  which  it  is  analogous,  may 
be  represented  by  sinular  atomic  formula. 


CHEMICAL   NOMENCLATURE   AND    NOTATION. 

General  Considerations.— Sixty-eight  substances  are  now 
luown  which  can  be  resolved  into  no  simpler  forms  of  matter, 
and  which  are  consequently  considered  as  simple  bodies  or  ele- 
ments. By  combining  together,  they  form  an  innumerable  mul- 
titude of  compound  bodies  containing  two  or  more  elements. 
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In  order  to  distinguish  these  hodies  from  each  other  it  is  neces- 
sary to  give  a  name  to  each,  for  each  constitutes  a  distinct  sub- 
stance. 

The  names  of  the  simple  bodies  have  been  chosen  at  will, 
and  in  some  cases  recall  some  peculiar  property  of  the  sub- 
stances designated.  It  was  formerly  the  same  with  compound 
bodies;  there  was  no  definite  rule  for  their  nomenclature. 
From  this  there  resulted  a  great  complication  of  words  which 
embarrassed  the  exposition  of  ideas,  and  often  for  the  same  sub- 
stance there  were  a  number  of  synonyms,  of  which  the  least 
inconvenience  was  to  uselessly  fatigue  the  memory.  Hence 
chemists  have  felt  the  necessity  of  a  regular  nomenclature, 
applicable  to  compound  bodies,  and  capable  of  indicating  their 
composition.  Such  is  the  principle  of  the  chemical  nomen- 
clature suggested  by  Guyton  de  Morveau,  and  developed  by 
Lavoisier,  Berthollet,  and  Fourcroy.  This  nomenclature,  with 
some  modifications,  introduced  by  the  progress  of  the  science, 
is  still  adopted. 

Independently  of  this  language,  the  rules  of  which  will 
presently  be  detailed,  chemists  have  adopted  a  written  nota- 
tion whi(fh  expresses  in  concise  form  the  atomic  constitution 
of  compounds.  The  name  of  each  element  is  represented  by 
a  symbol,  which  also  expresses  one  atom  of  the  substance. 
This  symbol  is  the  initial  letter  of  the  name  of  the  element, 
or  the  initial  letter  with  another  when  the  names  of  two  ele- 
ments begin  with  the  same  letter.  Thus,  H  represents  one 
atom  of  hydrogen  weighing  1  ;  0  represents  one  atom  of 
oxygen  weighing  1(5.  By  combining  these  symbols  together, 
it  is  easy  to  rej)resent  in  a  precise  manner  the  atomic  compo- 
sition of  compound  bodies.  From  such  combinations  result 
chemical  formulae  ^  the  use  of  which  was  introduced  into  the 
science  by  Berzelius. 

In  the  following  table  will  be  seen  the  names  of  the  ele- 
ments now  known,  together  with  their  atomic  weights,  and  the 
symbols  by  which  the  atoms  of  the  elements  are  represented  in 
the  notation. 

The  greater  number  of  the  elements  possess  certain  physi- 
cal properties  which  characterize  them  as  mefah.  They  are 
opaque,  and  possess  a  peculiar  lustre,  which  does  not  disappear 
under  the  burnisher.  They  are  good  conductors  of  heat  and 
electricity. 
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Namks  op  tuk  Ele- 

MBMTS. 


Alaminiam  .... 
Antimonj   (siibiuiii) 
Amnio 
Bariam 
Bismuth    . 
Boron    .   . 
Bromine    . 
Cftdmium  . 
Cesium 
Calcium 
Carbon  . 
Cerium  .    . 
Chlorine    . 
Chromium 
Cobalt   .   . 
Copper  .    . 
Didjmium 
Erbium .    . 
Fluorine    . 
I  QsUium 
Qermanium 
Glucinum  . 

Gold  (aurum 

Holmium  . 

Hydrogen 

Indiam  .    . 

Iodine    .    . 

Iridium .    . 

Iron  (ferrum 

I<&nthanum 

I^(plambum) 

Lithium     . 

Magnesium 

Manganese 

Mercury       (hydrar- 
gynim) 


) 


) 


a 

CO 


Al 
Sb 
As 

Ba 

Bi 

Bo 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

Di 

Er 

Fl 

Qa 

Ge 

GI 

Au 

Ho 

H 

In 

I 

Ir 

Fo 

La 

Pb 

Li 

Mg 

Mn 

Hg 


27.04 

120 
74.9 

L36.86 

207.5 
10.9 
79.76 

111.7 

132.7 
39.91 
11.97 

141.2 
35.37 
52.45 
58.6 
63.18 

145 

166 
19.06 
69.9 
72.3 
9.08 

196.6 

162(?) 
1 

113.4 

127 

192.5 
55.88 

138 

206 

7.01 
23.94 
54.8 


.3d 


199.8 


Najcbs  of  the  Ele- 
ments. 


Molybdenum    .   .   . 

Nickel 

Niobium 

Nitrogen 

Osmium 

Oxygen 

Palladium  .... 
Phosphorus  .... 
Platinum  .... 
Potassium  (kalium) 

Rhodium 

Rubidium      .... 
Ruthenium    ... 
Samarium     .... 

Scandium 

Selenium 

Silicon 

Silver  (argentum)  . 
Sodium  (natrium)  . 
Strontium  .... 
Sulphur     ... 

Tantalum 

Tellurium      .... 

Thallium 

Thorium 

Tin  (stannuiu)     .    . 

Titanium 

Thulium 

Tunggten       (wolfra- 

mium) 

Uranium 

Vanadium  .... 
Ytterbium     .... 

Yttrium 

Zinc 

Zirconium     .... 


I- 


Mo 

Ni 

Nb 

N 

Os 

0 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Sa 

So 

Se 

Bi 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

Tu 

W 

Ur 

V 

Y 

Yt 

Zn 

Zr 


95.9 

58.6 

93.7 

14.01 
195 

15.96 
106.2 

30.96 
194.34 

39.03 
104.1 

85.2 
103.5 
150 

43.97 

88.7 

28 
107.66 

23 

87.3 

31.98 
182 
127.7 
203.7 
231.96 
117.35 

50.25 
170.4(?) 

183.6 
239.8 

51.1 
172.6 

89.6 

64.88 

90.4 


Other  elements,  fewer  in  number,  do  not  possess  these  prop- 
^es.  They  have  been  called  the  non-metallic  bodies,  some- 
timea  the  metalloids.     They  include  the  following : 


BTDROOEH. 

OXTOEN. 

NITROGEN. 

BORON. 

SILICON. 

CBLORINE. 

SULPHUR. 
8ELP.N1UM. 

PHOSPHORUS. 
AR8KSIC. 

CARBON 

BROIIIME. 
IODISE. 

^DORIITK. 

TELLURIUM. 

ANTIMONY. 
(BISMUTH?) 

From  a  theoretic  stand-point  this  distinction  presents  but 
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little  vdue,  for  it  is  impossible  to  draw  an  esaet  line  sepa- 
rating tile  metals  from  the  uoii-metallii;  bodieH. 

NoMENCLATiTRE  OP  COMPOUND  BoDlBs— The  piindple  of 
chemical  niimenckture  is  to  iudieate  the  compwitioa  of  com- 
pound bodies  by  their  namea.  Among  such  compounds  ihe 
most  numerous  and  the  mcut  important  are  those  contunii^ 
oiygen.  They  are  binary  or  ternary ;  that  is,  the  orygea  in 
them  is  combined  with  one  or  two  other  elements. 

Binuy  Otj^ni  Compounds. — We  will  firat  conuder  the 
more  simple  osidized  bodies,  those  which  result  from  the  con- 
bination  of  oxygen  with  but  one  other  element,  metallic  or 
non-metdlic.  These  compounds  are  called  ezides.  and  differ 
as  the  element  aaaociated  with  the  oxygen  is  metallic  or  non- 
metallic.  In  combining  with  non-metaJlic  elements,  osygen 
generally  forms  compounds  which  are  the  anhydrides  of  acids, 
that  is,  compounds  capable  of  uniting  with  water  to  form 
acids ;  with  Uic  metals  It  forms  metallic  oxides. 

ExperiinmU. — 1.  A  small  piece  of  phosphorus  is  placed  in 
a  capsule  flostin<;  on  the  suiface  of  mercury.  It  is  ignited 
and  the  capsule  covered  with  a.  bell-jar  (_Fig.  8).  The  phos- 
phorus burns,  givinfi  off  a  thick  Bmokc,  which  condenaes  in 


whit«  flakes  on  the  sides  of  the  bcU-jur,  This  substance  re- 
anlta  from  the  comhinaliun  of  the  phosphorus  with  the  ongen 
of  the  itir:  it  ia  p?ioephoru»  pwiloxide,(ii  phot^/ioric  aiJij/tfy-ide. 
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2.  If  lead  be  heated  in  the  air  and  maintained  for  some 
time  in  a  state  of  fusion,  its  brilliant  surface  becomes  tarnished 
and  covered  with  grayish  particles,  which  are  finally  converted 
into  a  yellow  powder.  This  body  is  formed  by  the  combina- 
tion of  the  lead  with  oxygen :  it  is  plumbic  oxide^  or  oxide  of 
had. 

Bat,  as  we  have  seen,  such  combination  can  take  place  in 
diferent  proportions.  An  atom  of  a  body  may  unite  with 
1,  2,  3,  or  more  atoms  of  oxygen,  and  the  names  of  the  com- 
poaods  so  formed  should  indicate  the  degree  of  oxidation. 

Salphur  forms  two  compounds  with  oxygen :  one  contains  2 
atoms  of  oxygen  to  1  atom  of  sulphur ;  the  other,  3  atoms  of 
oxygen  to  1  of  sulphur.     They  are  designated  by  the  names 
saJphurof^s  oxide,  or  anhydride,  and  sulphuric  oxide,  or  anhy- 
dride. 
The  written  notation  represents  them  by  the  symbols 

SO', 
S0», 

which  express  their  atomic  compositions.  The  number  of 
atoms  of  any  element  is  indicated  by  a  small  figure  placed  after 
and  a  little  above  or  below  the  symbol  of  that  element. 

The  degree  of  oxidation  is  then  expressed  by  the  termina- 
tion in  ons  or  ic  of  the  name  of  the  other  element,  which 
indicates  the  kind  of  oxide,  ic  denoting  the  superior  oxide. 

Mercury  forms  two  compounds  with  oxygen.  The  first 
contains  2  atoms  of  mercury  for  1  of  oxygen ;  the  second,  1 
atom  of  mercury  to  1  of  oxygen.  They  are  designated  by  the 
names  and  symbols  as  follows :  # 

Mercurous  oxide Hg^O. 

Mercuric  oxide IlirO. 

The  names  monoxide,  sesquioxide,  dioxide,  etc.,  as  will  be 
seen  further  on,  are  also  employed.^ 

A  monoxide  is  a  oombination  of  1  atom  of  metal  with  1  atom  of  oxygen. 
A  tesquioxide         "  "  2  atoms       "         "       3  atoms         " 

A  dioxide  "  "  1  atom         "         "       2      "  " 

It  is  easy  then  to  understand  the  signification  of  the  follow- 
ing names  and  symbols : 

^  The  prefixes  proto,  btor  deut,  and  ter  have  been,  and  are  jet;  frequently 
emplojed  instead  of  iiioito,  di,  and  tri. 

4* 
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Manganese  monoxide MnO. 

Manganese  sesquioxide Mn*0*. 

Manganese  dioxide MnO*. 

The  oxide  most  rich  in  oxygen  is  sometimes  called  tbe  per- 
oxide. 

Oxygen  Acids  and  Metallic  Hydrates. — The  oxygen  com- 
pounds that  we  have  just  considered  may  unite  with  the  ele- 
ments of  water  to  form  more  complex  compounds,  which  are 
ternary,  that  is,  they  contain  three  elements.  To  the  two  ele- 
ments of  the  oxide  is  then  added  a  third,  independently  of  the 
oxygen  of  the  water,  that  is,  its  hydrogen. 

The  oxygen  acids  usually  result  from  the  union  of  water 
with  the  non-metallic  oxides. 

Experiment.  —  Sulphur  trioxide  or  sulphuric  anhydride 
occurs  in  white  silky  tufts.  It  is  very  volatile,  and  if  a  bottle 
containing  it  be  opened,  its  vapor  comes  in  contact  with  the 
moist  air  and  forms  thick  white  fumes.  If  a  small  quantity  of 
this  substance  be  thrown  into  water,  it  immediately  disappearB 
and  combines  with  that  licjuid.  So  great  is  the  energy  of  the 
reaction  that  the  heat  disengjiged  gives  rise  to  the  production 
of  steam,  which,  being  .suddenly  formed  and  condensed  in  the 
midst  of  the  cooler  li(jui(l  muss,  causes  a  peculiar  noise,  a  sort  of 
hissing.  When  the  sulpliuric  oxide  is  dissolved  in  the  water, 
the  solution  presents  a  very  acid  reaction.  It  contains  sulphuric 
acid,  the  compound  long  known  under  the  name  of  oil  of  vitriol. 

This  reaction  may  be  rej)resonted  in  the  abbreviated  lan- 
guage of  the  notation,  which  expresses  the  atomic  composition 
of  bodies  with  so  uiudi  precision.  The  formula  of  sulphuric 
anhydride  or  sulphur  Trioxide  is 

SO^ 
that  of  water  is 

H^O. 

Then  if  sulphuric  acid  result  from  the  addition  of  all  of  the 
elements  of  water  to  those  of  sulphuric  trioxide,  it  should  contain 

SCr  +  IPO  =  H^SO*. 

This  is  a  chemical  equation^  and  it  Ls  seen  that  the  two 
terms  of  the  first  member  express  the  atomic  composition  of 
the  reacting  bodies,  while  the  single  term  of  the  second  mem- 
ber gives  the  atomic  composition  of  the  product  of  the  reac- 
tion.    Such  an  equation  accounts  for  all  of  the  atoms,  and 
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the  sum  of  all  of  the  atoms  written  in  the  first  member  moBt 
exactly  balance  the  sum  of  all  those  written  in  the  second. 

There  is  a  compound  known  as  nitric  anhydride,  or  nitrogen 
pentoxide.  It  results  from  the  combination  of  nitrogen  with 
oxygen,  and  its  atomic  composition  is  represented  by  the 
formula  N*0*.     In  combining  with  water  it  forms  nitric  acid. 

N*0»      +       H'O      =       2(HN0»). 

Nitric  anhydride.  Water.  Nitric  acid. 

(1  molecule.)  (2  moleculei.) 

These  examples,  which  could  be  indefinitely  multiplied,  give 
an  idea  of  the  constitution  of  the  ternary  oxygen  acids.  The 
rales  which  have  been  already  given  for  the  nomenclature  of 
the  oxides  apply  also  to  the  nomenclature  of  the  acids.  We 
have  phosphorous  acid  and  phosphoric  acid.  Z/^^o-phosphor- 
ous  acid  is  an  acid  of  phosphorus  containing  still  less  oxygen 
than  phosphorous  acid.     {Hypo^  literally,  under.) 

The  metallic  hydrates  result  from  the  combination  of  water 
with  the  metallic  oxides.     It  is  well  known  that  when  quick- 
lime is  sprinkled  with  water  it  becomes  heated,  increases  in 
volume,  cracks  into  pieces,  and  is  finally  converted  into  a  white, 
impalpable  powder,  which  constitutes  slaked   lime, — a  com- 
pound of  the  lime  with  water.     Lime  is  the  oxide  of  a  metal 
called  calcium.     In  combining  with  water  it  forms  a  ternary 
compound  of  calcium,  hydrogen,  and  oxygen ;  this  is  hydrate 
of  (slcium,  or,  as  it  is  commonly  called,  hydrate  of  lime. 

CaO     +     H'O     =     CaH^O^ 

Calcium  oxide.  Water.  Calcium  hydrate. 

(Lime.) 

The  metal  potassium,  the  radical  of  potash,  forms  with  oxy- 
gen a  compound  which  contains  two  atoms  of  potassium  com- 
bined with  one  atom  of  oxygen.  The  composition  of  this  body 
w  then  represented  by  the  formula  K^O. 

It  combines  with  water  with  great  energy,  and  forms  with  it 
potassium  hydrate  or  caustic  potassa. 

K*0    +     H=^0    =    2K0H. 

Potaaaium  oxide.         Water.  Potassium  hydrate. 

(2  molecules.) 

Oxygen  Salts. — The  oxygen  salts  result  from  the  action  of 
the  oxygen  acids  upon  the  oxides  or  upon  the  metallic  hydrates. 

^^xperimefU. — The  formation  of  a  Halt  may  be  illustrated  by 
a  modification  of  one  of  the  experiments  already  described. 

A  quantity  of  dilute  nitric  acid  is  slightly  reddened  by  a  so- 
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lution  of  blue  litmus  or  syrup  of  violets.^  Some  dilute  sohition 
of  caustic  potassa  is  also  treated  with  the  same  coloring  matter ; 
the  syrup  of  violets  will  assume  a  green  color,  or  blue  litmus 
will  remain  unchanged. 

The  latter  liquid;  which  is  alkaline,  is  now  added  drop  by 
drop  to  the  acid,  until  the  red  color  disappears,  giving  plaioe  to 
the  violet  color  of  the  syrup  of  violets  or  the  blue  of  the  litmus. 
The  liquid  is  now  neutral.  It  contains  neither  free  nitric  acid 
nor  free  potassa.  Both  have  disappeared  as  such ;  they  are 
reciprocally  neutralized,  the  first  having  lost  its  acid  taste,  the 
second  its  extreme  caustic  properties.  They  have  produced  a 
body  having  a  saline,  cooling  taste,  and  exerting  no  action  upon 
vegetable  colors.  It  is  a  neutral  salt  which  has  been  formed. 
It  is  called  potassium  nitrate.  It  is  the  nitre  or  saltpetre  of 
the  ancient  chemists.  It  is  not,  however,  the  sole  product  of 
the  reaction.  Water  is  formed  at  the  same  time,  and  if  we 
would  comprehend  the  entire  phenomenon,  the  reaction  wOl  be 
expressed  by  the  following  etjuation : 

UNCP    +     KOH      =      KNO»    +     HK). 

Nitric  acid.      Potassium  hydrate.  Potassium  nitrate.  Water. 

It  is  seen  that  the  salt,  j)()tassium  nitrate,  is  a  ternary  com- 
pound, similar  in  constitution  to  nitric  acid  itself.  On  com- 
paring the  two  formulae, 

HN(/  nitric  acid, 
KNO*  potassium  nitrate, 

it  is  seen  that  they  only  differ  by  the  K  in  the  second  occupy- 
ing the  place  held  by  the  II  in  the  first.  It  may  then  be  said 
that  potassium  nitrate  represents  in  a  manner  nitric  acid  in 
which  the  hydrogen  has  been  replaced  by  an  equivalent  quan- 
tity of  potaR^ium.  This  definition  apj)lies  to  the  entire  class 
of  compounds  under  consideration.  A  salt  represents  an  acid 
of  which  the  hydrogen  has  been  w^holly  or  partially  replaced 
by  an  ecjuivalent  quantity  of  metal. 

The  acids  constitute  the  .salts  of  hydrogen :  they  are  neu- 
tralized when  this  hydrogen  is  replaced  by  a  metal.  The  acid 
or  hydrogen  salt  differs  from  the  metallic  salt.  From  a  theoretic 
point  of  v'ew,  an  acid  is  a  compound  of  the  same  order  as  a 
salt,  and  if  these  bodies  are  separated  by  such  great  differences 


1  An  infusion  of  common  purpio  cabbage  may  be  substitutod  for  syrup 
of  violeta. 
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Htlvi^rticB.  this  is  dao  to  the  nature  of  the  base.    Wlufcfl 
;*Aalff«r«Dco.  tndeud.  beiwcen  hydrogi?n  gas  and  the  metals  I 

We  hare  studied  ihe  formation  ot'aeaJtl)y  the  action  of  an  acid,  1 
□ilrie  Bi'id.  upon  a  uu-'lallie  hydrate,  potassium  hydrate.  HiaI 
iuihydruas  uxides  may  ulsfj  toriu  salta  by  reacting  with  iho  acids.,  t 

Krpcriiiien/. — Yt'liiiw  (ixidis  i)f  luad,  whoii  dieted  with 
dilutu  Holnhuric  aeid,  in  cunverliHl  inUt  u  whi[«,  insoluble  pow- 
der, wbieh  w  lend  vnliihute.     Thb  i»  a  salt,  liut  it  is  not  the  only 
product  tif  tlio  reuetiun,  fur  water  is  formed  at  the  saine  time. 
n'SO*     +     PbO     ^     PlhSO'     +     H'O. 

Balliliillic  Kill.       Laul  wlMs.       Uwl  •iiL|ilutle.  WiIm-. 

Lastly,  among  other  mi>des  of  fi  irmiition  of  wd)s,  there  ii 
whieh  is  worthy  of  interest,  and  uf  nhii-h  au  idua  may  be  a 
tained  fh>m  the  followiu{;  eiauiple. 

Sutphtir  trioxidrf.  or  sulphurie  unliydride,  coinhineB  ene 
ally  with  hariuin  oxide  or  burj-ta,  mid  fhim  the  union  of 
a  of  biilh  i^Jiupounds  there  rrsulta  a  salt, — 1 


SO"      -f       BaO 


BaO-SO*  or  BaSO*. 


hit,  whether  this  aall  be  formed  under  ihew  conditiot 

K^e  action  of  sulphurie  aeid.  Its  eoiupwition  only  diffol 

D  that  of  the  ktUT  ueid  tiy  tJie  suhstitution  of  Ba  for  l"" 

II'SO*  sulphurie  acid,  liydn»gen  salphatc, 

B^U*  barium  sulpliute. 

c  riMulJoiis  whieh  we  have  jn^t  studied,  and  which  indicate 

■  jirincipol  methnda  of  die  fonnatioD  of  solta,  are  suffieient  to 

nw  clear  the  definltinD  before  ^iven,  (lint  !>alls  are  derived  from 

klij  the  »ihettitution  of  a  lueta]  for  hydropcn.     The  nomen- 

w  defines  and  prewcrvea  these  rclnlinns.    To  disiinpuish  ihe 

„.    It  laitB  of  the  same  acid,  (he  iinme  of  the  iiielalis  placed 

LwhI  tills  is  followed  by  the  nniue  of  the  acid,  wliiel 

■tly  changed, — ic  is  changed  to  nlr,  and  'nu  to  itr. 

Libtif  Stilphuric  acid  gives  sulphates. 

Nitric  acid  "      nitrat««. 

Perchloric  acid  "      perchloratea. 

Solphnrous  acid  "      sulphites. 

Hypoaulphurotu  acid     "      fayposuljihitdt. 

e  generic  names  follow  th«  n-imea  of  the  metals  whiiA 

r  into  Urn  compuinttou  of  the  sulta,  and  which  apeeify  thenti  J 
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Potassium  sulphate,  copper  sulphate,  lead  sulphate,  etc. ; 

Sodium  sulphite ; 

Potassium  nitrate,  harium  nitrate,  silver  nitrate,  etc. 

But  we  know  that  a  single  metal  may  form  several  com- 
pounds with  oxygen.  In  reacting  upon  the  same  acid  these 
different  oxides  give  rise  to  the  formation  of  different  salts. 

Thus,  two  different  sulphates  of  copper  are  obtained,  as  sul- 
phuric acid  is  caused  to  react  with  cuprous  oxide,  or  with 
cupric  oxide. 

H'SO*     +     Cu'O     =     Cu'SO     4-     H»0. 

Stilptiuric  acid.        Cuprous  oxide.        Cuprous  sulphate.        Water. 

H'SO*     +      CuO     =      CuSO*     +     H»0. 

('upric  oxide.         Cupric  sulphate. 

It  is  easy  to  distinguish  these  two  salts  from  each  other  by 
using  the  adjectives  cuprous  and  cupric  before  the  substantive 
sulphate.  Thus,  we  have  mcrcuroi/^  and  mercurtc  sulphates ; 
ferroM«  and  ferr*c  sulphates. 

The  preceding  considerations  will  give  an  idea,  sufficient  for 
the  time  being,  of  the  constitution  and  the  nomenclature  of 
salts.     Their  further  exposition  will  be  completed  farther  on. 

Nomenclature  of  Non-Oxygenized  CompoundB. — The  non- 
metallic  elements  other  than  oxygon  can  combine  among  them- 
selves or  with  the  metals.  Such  compounds  are  designated  by 
the  name  of  one  of  the  elements  followed  by  the  abbreviate 
name  of  the  other  terminating  in  ith.  Thus,  the  compounds 
of  the  metals  with  chlorine,  bromine,  iodine,  sulphur,  arsenic, 
and  carbon  are  called  chlortV^'x,  hromides^  iodu£»,  8ulphf</«t, 
arsen/(//'«,  {.wxhid^'s.  We  thus  have  sodium  chloride,  potassium 
bromide,  lead  iodide,  zinc  arj^enide,  iron  carbide.  The  termi- 
nation unit  was  formerly  used  in  place  of  ide. 

But  a  non-metallic  body,  such  a.s  chlorine  or  sulphur,  can, 
like  oxygen,  form  several  compounds  with  the  same  metal.  In 
these  compounds  1  atom  of  metal  may  be  united  with  1  or  2 
atouLs  of  .siilj)hur,  or  with  1,  3,  or  5  atoms  of  chlorine,  or  again 
with  2  or  4  atoms  of  chlorine.  Such  atomic  composition  i^ 
expressed  by  the  following  names  and  symbols : 

Iron  moHosulpbide FeS. 

Iron  c/(>ul{)hide FeS*. 

Phosphorus  trichloride PCI*. 

Phosphorus  ;>t'/i<achloride PCI*. 

Tin  (hchloride SnCl«. 

Tin  ««<rachloride SnCl*. 

Antimony  frt'cblorido SbCP. 

Antimony  />0n(acblorido SbC)*. 
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The  ounra  thus  expr«8  precisely  the  numlier  of  ntoms  of 
the  socood  elenieni  id  rotubinaiioa  with  I  alow  nf  the  firat 

The  compounds  of  chlorine,  bromine,  iiidine,  and  several 
Other  elejuonttt  with  liydragen  are  acids :  thty  readily  excbuifce 
ibeir  hydrogen  fur  a  tnt<tal,  so  forinins  compounds  that  are 
aiialu(K>iU  to  the  oxygen  salt«,  and  whicn  constitute  the  haloid   , 
taUt  of  Bensi'liuft  "  J 

Experrmnti. — The  compound  of  chlorine  with  hydrogen  bl 
hydrochloric  acid  ;  it  i§  a  g^,  and  diasolvea  in  water,  foruiiiur' 
a  {\imitig.  strongly-acid  liquid.  When  it  i§  csrefiUly  pourea 
into  a  concent  rtOt^  eulutioii  of  cuiutie  potaesa  there  appears  a 
whiU;  preeipitaU:,  fiirioBJ  of  liltlo  crynials  »nd  presentinj;  the 
appKaranei^ofuiittlt.  This  is  potuaeiuoi  uhluride.  U  is  formed 
niicording  to  the  following  rtiuctivn,  and  il»  formation  i  '  ~ 
tended  by  the  pruduLlJon  of  beat: 

Hci    +    Kou   =^    Kri    -i-    iro. 

Dydiwhlurbi  Puurtum  Putnaluiu  WaUr. 

KadiL                   hidnto.              ckludils. 
e  bytlrogcn  oompounda  of  bromine,  iodine,  fluorine,  » 
etc.,  poMcee  analogous  properties.     They  are  railed 
Hydrobromia  aciil 
Byilriadlo  luid       
BjdroflaorU!  acid    ....... 
S^plif  ilrio  wild  at  *iiJphiirett>d  ti}dro< 
e  chloridoa  may  combine  among  thenisclres.     It  is  thn  ' 
MBi«  with  the  bnimidcs,  ioilides.  sulphides,  etc.     If  a  solution 
of  pi)lH)uiiam  clil'Tiilc  hoponred  into  a  concentrated  solution 
(if  plaiinie  chloridr.  a  yoDow  pretapitatc,  constituting  a  com- 
poiiud  ol'  the  two  rhloridos,  is  fomicd.     It  is  the  double  chlo- 


ride of  ]ilaliimm  and  potassium,  or  jKitaflsium  platino^chloride. 

There  eiiat,  ltkewi.<!«,  double  sulphides  formed  by  the  union 
of  two  fdniple  HulphidoA.  Such  c-onpounda  constitute  what  arc 
cnllrd  fltilphnr  mils. 

Altoys  and  Amalgams. — Tlie  comjionnds  of  the  metals 
with  fath  othyr  ai'o  vailed  ■i/Aiyn.  AiiMlgams  are  the  allojrs 
qf  ttWCMury,  liuM  it,  ilte  wunfouade  ui'  ihu  lli^uid  metal  with 
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HYDROGEN. 

Density  compared  to  air 0.0693. 

Atomic  weight  (I  volume  taken  as  unity)  H  =:  1. 

This  body  was  discovered  in  1766  by  Cavendish.  It  is  one 
of  the  elements  of  water,  hence  its  name,  which  was  given  by 
Lavoisier. 

Experiments. — 1.  A  small  piece  of  sodium  is  passed  under  a 

tube  filled  wuth  mercury  and  inverted 
on  the  mercury-trough;  it  rises  to 
the  top  of  the  jar,  and  some  water 
is  then  introduced  (Fig.  9).  As  soon 
as  the  water  touches  the  sodium  a 
brink  disengagement  of  gas  is  ob- 
served ;  this  is  liydrogen,  produced  by 
the  decomposition  of  the  water,  and 
the  reaction  by  which  it  is  set  at 
lil>orty  Is  expressed  in  the  following 
ecjuation : 

2H-0  -f  Na^  =  2NaOH  +    H*. 

Fig.  9.  Water.        Sodium.  Sodium  Hjrdroff». 

hydrate. 

If  the  tube  be  now  inverted  and  a  lighted  taper  be  rapidly 
brought  to  the  orifice,  the  gas  will  burn  with  a  pale  flame.  A 
piece  of  reddened  litmus-paper  plunged  into  the  water  con- 
tained in  the  tube  has  its  blue  color  at  once  restored,  and 
this  change  is  produced  by  the  sodium  hydrate  or  caustic  soda 
dissolved  in  the  wat<?r. 

2.  Some  thin  sheet-zinc  cut  into  small  pieces  is  introduced 
into  a  rather  large  test-jar  (Fig.  10),  and  some  hydrochloric 
acid  is  then  poured  upon  it.  A  rapid  effervescence  imme- 
diately takes  place,  and  if  a  lighted  taper  be  brought  to  the 
mouth  of  the  jar,  the  stream  of  hydrogen  evolved  takes  fire. 
This  liydrogen  is  produced  by  the  decomposition  of  the  hydro- 
chloric acid  by  the  zinc,  which  is  converted  into  chloride. 


2IIC1     +     Zn 

Hydrochloric  Zinc. 

acid. 
(2  molecules.) 


ZnCP     +     W. 

Zinc  Hydrogen, 

chloride. 


HTDKOOEN. 


Preparstioii.— A  rciMtion  ttnaJogoae  to  the  prec^dio);  is 
litroid  to  lulvatitft^i*  for  ihc  prcparaliua  of  large  quautilivs  of 
bj/ilrugon.  Dilulo  ^ 

suJpliiiric:  acid  is  de- 

A  twii-uetfced  bot- 
tle is  about  hdrfiUud 
will)  irutor,  and  gnn- 
ulntvil  ciiii',  ur  tJiect- 
Etni:  cut  iutu  smiUl 
piecvM,  is  intn)du(X}d; 
■nlpburii!  mnd  In  then 
widcd  in  small  i(Uan- 
titirs  tiT  ihu  uid  of 
a  fiinni-l-iubp  whiL-h 
dil>8  umli-r  the  siirfaw 
of  the  water  (Fig. 
II).  The  rciiclion  nt 
once  oouimuncvs,  and 
liytlrugvu  is  diseii- 
pi;;^  When  the 
uir  at  firht  i.-oiilaiut!d 
id  tie  buUle  haa  been 
entird^  i-Jirelled,  ibe  ^^feg 
Ifua  uiaj  be  cuUedoI  '^ 
in  jan  ur  bultli«  Ulltil  ~ 
witJi  Water  Mid  in- 
TMlcd  im  tbu  [iiiuu- 


1  tho  UDC  disappears  and  disEotVeB  in  the 
Iii|uiil  iriih  ^volutinn  of  heat,  ami  it  often  Imppens,  it'  the  liijuid 
'  L  euffitM^ntljf  eonw'ntratcd,  that  colorless  erystals  of  »ino 
'lata  urn  Ibrmed  oil  coolinp.     This  xalt  and  hydrogen  a  " 

H)lo  pmdnels  of  tho  rcffction  of  pure  xine  upon  sulphni 
|krgclj^i1uli?d  with  waior. 

II-.SO'     +     Zn     =     ZnS<V     +     H'. 

illitiiiili:  uM.  Zinc.  KiBC  <iil|ibiiU,       HjntriHisn. 

sical  Properties. — nvtlrii}:(Mi   in  a  ciilurleaa  gaa,  and 

Tare  bns  ni'iihur  tostv  nor  odor.     Il  le  the  lightest  of  all 

II  bodies,  lis  dt-nsitj  voinpnrt^d  to  air  iH-'in;;  O.DGD.t ;  thtt 

J  Tolnmii  at'  uir  weijrh  1.  one  vulnnie  of  hydrog 

d  tindor  the  kuuui  uiudiliiiiui  uf  tcmperuturu  and  i 
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sure,  weighs   only  0.0693.      Hydrogen  is  then   14.44  time 
lighter  than  air.     The  weight  of  one  litre  of  hydrogen  at  0^ 


FiQ.  11. 

and  under  the  normal  pressure  is  0.0895  gramme.  Instead 
of  comparing  the  densities  of  gases  and  vapors  to  that  of  aiTf 
it  is  preferable  to  compare  them  to  that  of  hydrogen  taken  a3 
unity  (page  30). 

Hydrogen  passes  with  great  facility  through  vegetable  and 
animal  membranes,  and  through  porous  substances  that  are  im^ 
per\'iou8  to  water.  It  cannot  be  kept  in  a  glass  vessel  that 
presents  the  hast  crack,  for  it  would  pass  through  much  more 
readily  than  air.  This  property  is  expressed  by  saying  that  hy- 
drogen is  ver}'  diffusible.  According  to  Magnus,  it  is  the  only 
gas  gifted  with  an  appreciable  conductibility  for  heat;  in  this 
respect  it  is  related  to  the  metals.  From  a  consideration  of  its 
physical  properties  and  its  combined  chemical  properties,  Fara- 
day long  ago  announced  the  metallic  character  of  hydrogen. 

This  theoretic  prediction  has  recently  received  a  remarkable 
confirmation.  Hydrogen,  which  was  long  regarded  as  incoerd- 
blc,  has  been  liquefied  and  even  solidified.  Cailletet,  of  Paris, 
obtained  it  in  the  form  of  a  cloud  by  exposing  it  to  a  pressure 
of  300  atmospheres  at  a  temperature  of  — 29^  and  then  sud- 
denly relieving  the  pressure.  Kaoul  Pictet,  of  Greneva,  has 
advanced  still  further.  By  an  apparatus  of  incomparable 
power,  he  subjected  it  to  a  temperature  of  — 140°  under  a 
pressure  ol*  G50  atmospheres.  Under  these  circumstances,  hy- 
drogen was  liquefied,  and  was  visible  as  a  steel-blue,  liquid  jet 
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at  the  moment  of  its  projection  from  the  tube  in  which  it  was 
condensed.     The  cold  produced  by  its  passage  from  the  liquid 
to  the  gaseous  state  was  so  great  that  a  portion  of  the  liquid  was 
Bolidified,  and  fell  to  the  ground  in  metallic  grains,  producing 
a  shrill  sound  as  it  struck  the  floor.     Another  portion  of  the 
solidified  hydrogen  remained  in  the  tube  during  several  minutes. 
Among  the  physical  properties  of  hydrogen  may  be  men- 
tioned the  remarkable  faculty  it  possesses  of  passing  through 
plates  of  iron  or  platinum  at  high  temperatures  (H.  Sainte- 
Claire  Deville  and  Troost).     It  is  well  known  that  it  rapidly 
passes  through   thin  sheets  of  caoutchouc.      According  to 
Graham,  this  property  is  related  to  that  possessed  by  certain 
solid  bodies,  and  particularly  metals,  such  as  iron,  platinum, 
and  palkdium,  of  absorbing  hydrogen   gas.      This  chemist 
designated  the  phenomenon  by  the  name,  occhmon  of  hydro- 
gen by  the  metals.     Palladium  especially  is  distinguished  by 
the  energy  with  which  it  absorbs  hydrogen.     It  can  condense 
in  its  pores  nine  hundred  times  its  own  volume  of  the  gas.    A 
palladium  wire  may  be  charged  with  hydrogen  by  arranging  it  in 
a  Toltameter  so  that  it  constitutes  the  negative  pole  of  a  small 
lottery,  the  positive  pole  being  a  stout  platinum  wire.     When 
the  current  passes,  the  hydrogen  set  at  liberty  at  the  negative 
pole  (see  page  71)  is  condensed  in  the  palladium.    This  metal 
udergoes  at  the  same  time  a  remarkable  change.     Its  volume 
Pigments  and  its  density  diminishes,  but  its  metallic  lustre 
remains,  as  do  idso,  to  a  certain  degree,  its  tenacity  and  con- 
duetibility  for  electricity;  besides  this  it  becomes  magnetic. 
There  is  thus  formed  a  sort  of  alloy  of  palladium  and  hydro- 
Sen,  containing  about  20  volumes  of  palladium  to  1  volume  of 
hjdrogen  reduced  to  the  solid  state.     The  density  of  this  solid 
hydn^n  compared  to  that  of  water,  according  to  the  determi- 
i^ons  of  Troost  and  Hautefeuille,  is  0.62  :  it  is  a  little  greater 
than  that  of  lithium.    Graham  insisted  upon  the  metallic  char- 
acter of  hydrogen  thus  alloyed  with  palladium,  and  proposed 
for  it  the  name  hydrogenium. 

"*"  Cbemical  Properties. —  Hydrogen  is  a  combustible  gas,  and 
the  product  of  its  combustion  is  water. 

Experiments. — 1 .  A  lighted  taper  may  be  thrust  into  a  rather 
wide  tube  filled  with  hydrogen  (Fig.  14).  The  gas  takes  fire 
on  contact  with  the  flame,  but  the  taper  is  extinguished  in  the 
ftoiosphere  of  hydrogen.  It  may  be  relighted  by  withdrawing 
it  through  the  burning  gas.     The  experiment  shows  at  the 
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same  time  that  hjrdrogen  is  iafltmimable  and  that  it  is  ino^ia- 
ble  of  supporting  combiution  itaelf. 

2.  A  gBS-bottle,  A  (Fig.  12),  ie  arranged  for  the  piepantion 
of  hydr^en,  and  water,  linc,  and  aulphorio  add  are  inUo- 

0 


Via.  12. 
dnced.  The  hydrogen  evolved  ie  made  to  traTerse  the  tabe 
CB,  which  is  filled  with  fragments  of  chloride  of  oaldam ;  after 
having  been  dried  by  this  substance,  which  is  very  avid  of 
water,  the  gas  escapes  by  the  tabe 
a,  the  end  of  whicn  ie  drawn  ont 
to  a  point  The  jet  of  gaa  ii 
lighted,  and  barns  with  a  pale 
flame.  A  bell-jar,  D,  is  now 
held  over  the  burning  jet,  and 
the  sides  of  the  ^aas  soon  be- 
come covered  with  dew,  tie 
drops  of  which  nnite  and  ran 
down  utheedgeofthejar.  Thie 
is  water,  and  it  is  formed  by  the 
combustion  of  the  hydrt^en ;  tlat 
is,  by  its  combination  with  the 
oxygen  of  the  air. 

3.  A  jet  of  hydrt^en  may  be 
lighted  by  holding  in  it  a  tnre  <i 
asbestos  which  has  been  dipped. 
i,  finely-divided  platinum.  The  torn- 
dcnsation  of  the  hydrogen  in  the  pores  of  the  finely-dindeA- 
metal  is  so  rapid  that  the  platinum  beeomee  heated  to  n  ' 
and  then  ignitee  the  gas. 


in  platinum  black,  that  i: 


UTIIAOOKN. 
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4.  A  tube  filled  with  hydrogen  may  be  held  in  the  vertical 
position,  bottom  npwards,  without  the  gas  escaping  rapidly  by 
the  inferior  opening.  If  the  tube  be  inclined,  the  hydrogen 
oTerflowB  and  escapes  upwards  through  the  air.  It  may  then 
be  reoeiyed  in  a  second  tube  held  vertically  above  the  first, 
which  is  inclined  more  and  more  (Fig.  13).  The  passage  of 
the  gas  into  the  upper  tube  can  be  demonstrated  by  approach- 
ing to  the  latter  a  lighted  taper,  when  the  hydrogen  will  bum 
with  a  faint  explosion. 

Before  igniting  or  collecting  hydrogen  escaping  from  a  gen- 
erator, it  should  always  be  ascertained  that  the  whole  of  the  air 
bas  been  expelled,  otherwise  dangerous  explosions  may  result. 
5.  The  explosions  may  take  place  with  the  production  of  a 
barmonious  sound,  if  they  are  made  to  succeed  each  other 
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Fig.  15. 


npidly  and  at  regular  intervals.  These  conditions  are  realized 
l0[  Owning  a  small  jet  of  hydrogen  in  a  somewhat  large  tube 
(Re.  15).  The  flame  is  drawn  away  from  the  jet  by  the  draft 
i&  the  tube,  but  immediately  recedes  as  the  ascending  hydro- 

6» 
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gen  gas  mixes  with  the  air,  at  the  same  time  producing  a  faint 
explosion,  and  the  rapid  succession  of  these  explosioiis  produces 
a  musical  tone. 

The  hydrogen  condensed  in  palladium  appears  to  have  chem- 
ical properties  more  active  than  those  of  gaseous  hjdn^en 
(Graham).  It  combines  in  the  dark  and  at  ordinary  tempera- 
tures with  iodine  and  chlorine;  the  direct  union  of  ordinary 
hydrogen  with  iodine  is  impossible,  and  with  chlorine  it  takes 
place  at  the  common  temperature  only  under  the  influence  of 
light.  Hydrogen  will  not  support  respiration,  but  it  is  not 
poisonous. 


OXYGEN. 


1.1056. 
.    IS. 
=  1«. 


Density  compared  to  air 

Deniiity  compared  to  hydrogen     .     .    . 
Atomic  weignt  0 

Oxygen  was  discovered,  in  1774,  by  Priestley,  who  obtained 

it  by  heating  red 
precipitate  or 
mercuric  oxide. 

Experiment. — • 
A  tube,  a  (Fig. 
16),  contains  a. 
concentrated  so- 
lution of  the  dis- 
infecting powder 
known  as  chlo- 
ride of  lime;  a 
small  quantity 
of  the  peroxide 
of  cobalt,  a  com- 
pound of  oxygen 
with  the  metal 
cobalt,  Ls  then 
introduced,  and 
the  whole  is  gen- 
tly heated.  A 
brisk  efferves- 
cence takes  place, 
and  if  a  match 
which  has  been  just  blown  out  and  still  presents  a  spark  of  fire 


Fi(» 


b«  thrust  iMo  the  moulb  of  tba  tabe,  it  is  instantly  rolighted, 
and  barns  wiih  great  brilliancy.  Tliis  effect  is  due  to  n  gaa 
wbidi  is  bein^  dieenMgiMi,  uml  wliii'ii,  Ui  use  the  expression  d 
L^iviiisier.  is  umineiiuy  &ti«d  Ut  su]ipirt  combustion. 

It  y  tUu  ffiA  to  wliich  that  ^nmt  cbeuiist  gave  tlte  i 
i-ij^(Tn.     It  in  proiJuevi]  by  u  very  Kiiupli!  ruitdiuri.     Undel 
tbu  influtfiioe  iif  tbi:  [feruxidtioruuliiut,  tbi!  t^oiuui  byp>ctklor 
wliich  wc  may  consider  is  conuined  in  tbe  ohiorido  of  liuie  ii 
canrcTted  into  calcium  chloride  iind  oxygen. 

fcr;aCl'0'       =z       CftCl'       +       0'. 
ailnlBm  bri-Johkirile.      Cilslum  chLaiids,  OiygriL 

Ttepwation. — Large  qoantilioe  of  oxygen  may  be  prepared' 
uf  ft  prowJiS  analogous  to  the  preceding.  Wben  potasHiam 
i-b|nmte  is  heat«d,  it  is  convi-rtetl  into  potasnum  chloride,  uud 
frives  up  all  of  its  oxygen.  To  fwilitate  this  decompcaition,  a 
fiuiull  ijtuiitiiy  uf  muiigHUi^He  dioxide  is  mixed  witb  the  cblo- 
Tut-^.  The  part  takL-ii  by  tlie  mungiuiese  dioxide  is  anitlog'tus 
lo  lliui  uf  tbu  (.Kilwilt.  pi'nixide  in  tlm  nreceding:  reaction,  Riid  lii 
not  thoroujilily  undemUwd ;  it  is  prububle  thut  it  is  converted 
intu  an  uu£table  higher  oxide,  uontinimlly  formed  and  decom.- 
puoeil  duriii):  tlie  n'netion.  If  tbo  temperature  be  sufficientls 
(Jevul^d.  tlie  decoHi]Hisition  of  the  chlorulc  is  complete,  a 
takes  pbioo  iioeording  to  the  ibltowing  e({uation  : 

2KCI0*        ^        2KCI        +        SO" 

I^jtiiialUBi  EblnnlB.  t^ilualaiu  chloii'l*.  OxfgaD. 

The  oprration  may  be  nondncti^id  in  a  gloss  retort,  whii^  I 
libiiiild  bo  shoat  onu-tbird  fillcil  with  the  mixture  of  chlorata  J 
and  dioxide  ;  In  tbe  ix»k  of  the  retort  is  adapted  a  dclivenwl 
tul>e,  which  dips  under  tbe  surface  of  the  water  or  mercury  ID* 
the  troufib  (Fig.  17).     The  retort  is  then  heated  by  an  aJoo- 
bol  or  1^  lump,  mill  the  chlorate  melts  and  distmgagea  its  oxy- 
gen witb  effer«esceiu-e.     Towards  th'-  close  of  the  operation, 
ibfi  heal  is  incrcu^fd  in  order  ttj  decompose  into  potassinm 
cbloriile  and  oxyt^en  any  potusaium  perchfornte  that  may  have 
licwi  furmed  by  the  union  of  a  [lortion  of  tlie  evolved  oxygen 
Willi  wime  of  tbe  chlomW. 

To  niiikii  largi^r  '(UuniAties  of  oxygen  for  Glling  the  gns- 
(  of  laboratories,  et«.,  a  mixture  of  ptitussiura  cblorata 


umiwe  dioxide  is  Kuated  in,  a  eheet-ti 


ir  copper  retort 


1  R  Drigbt  rod  h«al  uangantne  dioxide  gives  up  a  thin 
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of  iU  Dxygeo,  and  U  converted  into  the  red  oside  of  mn^K' 

3MnO'  =  Mn'O'  +  0". 

Oxygen  can  be  cheaply  manufactured  on  the  large  scale  by 
the  procesH  of  Tessii:-  du  Motlay.  This  depends  upon  the  for- 
mation of  sodium  mongonato  by  the  action  of  air  upon  a  hated 


mixture  of  tnangaiii-.'  lii.ixido  :ind  i-.ui-iii.-  ^."I.i,  :mii|  ibo  sobK— 
quent  deconipositiuu  oi'  tbia  niangauate  at  ohtmt  450°  bj  •■    i 
current  of  steam,  a  decomposition  which  again  sets  at  libCTt^ 
the  oxygen  absorbed  by  the  manganese  dioxide  to  form  sodinn* 
man^nate.     The  operation  is  continuous. 

pSyuoal  PropertieB. — Oxygen  ia  a  colorless,  odorless,  taste- 
leas  gaa;  it  is  alitlle  heavier  ihan  the  air.  If  one  volume  of 
hydrogen  weighs  1,  the  same  volume  of  oxygon,  measurcA 
under  the  same  conditions  of  temperature  and  pressure,  weigh*  ( 
16.  This  in  expressed  by  saying  that  the  density  of  o^gon 
compared  (o  that  of  hydrogen  is  16.  A  litre  uf  oxygen  w^i» 
1.437  gr.  at  0"  and  nndcr  the  nomiid  pressurn. 

Until  lately  oxygen  had  been  considered  lui  a  permanent  ffi. 
By  subjecting  it  to  a  pressure  of  3(J0  atmospheres  and  a  tem- 
perature of  — 20",  and  then  suddenly  relieving  the  pressaie, 
Caillet«t  obtained  it  in  tbe  form  of  a  cloud.  Raoul  Relet, 
liquefied  it  by  a  pres.TOre  of  300  almospherea  and  a  teuperatnre 
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of  — 140°.     He  attribut^e  lo  liquid  osy^n  a  density  near  thnt 
of  water,— aboul  0.9787. 

.  fttygen  U  bm  fllightly  soluble  in  waWr.  A  litre  oi"  ^ 
*"  lolvfiB  0.041  litre,  or  41  eubit  lomimolrt's.al  0°;  0.032  litnd 
"";  0.028  litre  at  20°.  Thelraoti.JiiB 0,041. 0.032, 0,02^J 
_^._  BCDl  the  cotfficientt  if  nolalfility  of  oxygen  in  wat«r  f 
th«  tewpemturH*  of  0",  10",  and  20". 

Chemical  Propertiei.— Oxygen  eum bines  directly  with  n 
of  ib<^  (^thp^  eli'iuents,  unil  the  iinion  often  talccs  pl«c«  a 
Ittcb  cntTgy  ihiit  tlicre  results  a  (treat  evolution  of  liimiuoi4| 
:  it  gives  riao  to  the  plipnomenon  of  (ombastioD. 

•rimintU. — A  cwne  uf  fhareoal  of  whiuh  the  point  b  re4*fl 
s  plonged  into  a  globe  filled  with  uxj^q  (Fig.  IS),  and^ 
idiately  romhufllion  taken  place  with  great  brilliancy.    Ths 
^n  combiner  with  the  carbon,  fbniiiug  a  eolurleas  gaa,  which 
arhfmio  add  ^^aa. 
^  ^^  In  like  montier,  sulphur  and  phosphorus  bum  in  oxygen,  the 
nrst  producing  a  cnlorlciMt,  initntiiig  giis  knowti  ns  sulphuniuis 


acid  pas,  (be  necond  emitting  thiclc  liiines,  which  condense  in 
wbil«  flakes  of  phosphoric  oxide. 

A  waicli'n)ring  may  be  drawn  «Qt  into  a  epirul,  and  a  sniuJl 
pUi^  of  tinder  attached  to  one  end ;  aft^r  igniting  the  tinder, 
thu  spiral  ia  rapidly  plunged  into  a  bell-jar  filled  witli  oxygen, 
uul  resting  upon  a  plate  containing  a  layer  of  water  (Fig.  lU). 
The  liuilor  burna  enci^«tically,  and  heats  the  end  of  the  spiral 
to  rcdueaa ;  then  the  wmbastion  of  the  iron  itself  com. 
ami  guaa  oa  wilh  tuiparalleled  brilliancy,  and  a  produc 
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beat  so  intense  that  the  oxide  of  iron  formed  melts  and  falls 
in  incandescent  drops,  which  fuse  themselves  into  the  sur- 
face of  the  plate,  even  after  having  traversed  the  layer  of 
\  water. 
^  In  the  same  manner,  the  combustion  of  the  metal  magnesium 
may  be  effected  in  oxygen  ;  it  takes  place  with  dazzling  splen- 
dor, and  gives  rise  to  the  production  of  a  white  powder,  which 
is  magnesia,  or  magnesium  oxide. 

The  preceding  experiments  are  examples  of  rapid  combus- 
tion. We  have  seen  that  solid  substances,  such  as  charcoal, 
iron,  and  magnesium,  become  incandescent  in  combining  with 
oxygen  :  it  in  the  phenomenon  of  fire.  We  have  also  seen  that 
vapors,  like  those  of  sulphur  and  phosphorus,  become  lumi- 
nous in  their  combination  with  oxygen :  this  is  the  phenome- 
non of  flame. 

But  tire  and  flame  are  not  necessary  concomitants  of  the 
union  of  bodies  with  oxygen.  It  Ls  true  that  such  union  is 
always  accompanied  by  the  production  of  heat ;  but  often  this 
heat  Ls  not  luminous ;  sometimes  it  is  imperceptible  to  our 
senses. 

Thus  iron,  the  combination  of  which  with  oxygen  at  a  red 
heat  gives  rise  to  such  a  brilliant  combustion,  may  unite  with 
this  gas  at  ordinary  temperatures  under  the  influence  of 
moisture.  There  is  thus  formed  ferric  hydrate,  which  consti- 
tutes rust. 

This  oxidation  of  the  iron,  which  takes  place  slowly,  pro- 
duces a  feeble  disengagement  of  heat,  which  is,  however,  imme- 
diately dissipated.  Such  j>honomena  of  oxidation  are  designated 
by  the  name  sioic  comhusfhn. 

The  term  conibustion  would  then  be  synonymous  with  oxi- 
dation did  we  not  know,  on  the  other  hand,  that  all  chemical 
combination  gives  rise  to  the  production  of  heat.  If  copper 
be  thrown  into  boiling  sulphur,  a  vivid  incandescence  is  pro- 
duced, due  to  the  union  of  the  two  bodies.  Likewise  antimony 
and  arsenic,  whon  projected  in  fine  powder  into  an  atmosphere 
of  chlorine,  unite  with  the  latter  body,  producing  a  brilliant 
combustion.  If  is  seen  that  in  these  cases  the  prodaction  of 
luminous  heat  indicates  an  energetic  combination,  bat  not 
oxidation. 

Oxygen  is  one  of  the  elements  of  the  air ;  it  is  the 
and  the  agent  of  all  combustion,  of  all  oxidation  which  takei 
place  in  our  atmosphere;   and  the  oxygen  fixes  itself  upon 


oxrntv. 

bnmiojt  bodies  in  sacti  »  manner  rbat  the  product  of  the  c> 

IjiL-tt'iri  oiniaiiiB  all  of  iho  mutter  of  the  combustible  body  a 

m.^UfTof  the  (ixy^n.    Thix  isime  of  the  tViiidiuuvnt 

I'  i>Li§try,  Hnd  for  iu  discovery  doI  le&«  ilmn  a  u 

hnir  uf  wurk  was  rei[u3roU.     Thy  glory  »f  the  d 

:■  ri^-«  (o  IdiviiisiiT. 

Hin   ri'^tartbcH  on  oombustiou   revealed  to  hiin  the   i 
iiuiiirv  of  lilt-  pheiiDiuetia  of  reH|«ration.     Thu  rt'spimtini)  o 
aiiiiuiiU  is  a  hIow  uouibuntion  ;  it  ib  the  nour<--c  of  aiiTmul  1 
It  givpH  rist!  I'l  the  fonnaiiori  of  eiirbonii;  acid  gn»  and  v 
[•Riducts  iif  tlie  i-oiii{i]eIi'  iixidutiriD  thniu^h  nbich  iiii 
ihi>!<e  (it^nic  maltcrB  ia  the  econoniy  which  no  longer  si 
[lurnowa  of  life,  and  nil  of  which  contain  carbon  and  hydro^ 

The  pRHluLiion  of  earbottii'  a<!id  gtut  by  the  act  of  respin 
fioii  ia  easy  In  jtmvu.  It  is  only  necessary  to  liliiw,  by  tbc  a* 
of  a  tubi!,  the  air  oontAinod  in  tbo  lunp^  throut;b  clea 
waifT.  which  aonn  bitcomes  milky  from  thp  formation  of 
lilc  rarbfltulc  of  limit. 

An  annular  J«t  of  liydro^n  llirongh  which  a  jet  of  oxygen  1 
L*  fWrwd  onstitult-s  what  w  known  ns  tlu'  oxyhydrogen  blow- 1 
{litii',  and  is  uiie  uf  the  most  intt^niic  sources  of  heat  known.    ' 
t'UtiiiuiD  mellfi  before  it  tike  wax.  an<I  inin  and  other  combita- 
lible  mL'tulH  bum  brilliantly  wlien  introduced  into  ita  flame. 
The  flioui!  of  the  oxyhydrof^u  hl<iwpi[)u  girea  but  little  light, 
but  when  it  In  iinijwti^d  uijoii  u  [licvc  of  lime,  the  latter  become! 
lieati'd  tij  diusxting  incaIlllescoq(x^  ci instituting  the  Drummonj 
ur  ciikiuin  li^ht. 

t  OZONE,  OB  OXyGEN  PEROXIDE. 

The  repestwi  diwhargCB  of  a  good  electric  machine  deveto 
a  pwntiHr  -wlor.    Thin  in  ducl<ifSe  production  of  a  body  w"-'-' 

_  ._  .1: ,.^..,1  hv  rtchiinbcin  in   IK-40,  and  which  he  ni 

..:>;i  smell). 
''.—Some  potassium  permanganate  is  mixed  y 
.)i  in  !\  mnrtiir,  tho  mixturn  transferred  to  b,  fli 
'ili.iii    .Liiil,    The  iiharacleristic  odor 

I  I  II I  ptible,  and  a  moistened  paper, 

\nU:.  Hod  starch  and  hidd  in  the 

li  It.   ,  ji^sumeaablueculor.'   Tbisefl'eot 
facMBed  hv  <h.-  U7.uue  evolved. 


B,  flask, ' 


It  i>  Dolored  blua  by  Uio  oambtnai^ 
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This  remarkable  body  is  also  formed  nnder  the  fijUowing 
circumBtanccs. 

1.  By  the  poMtage  of  electric  ^arkt  through  oxytfeit. — It  it 
sufficient  to  pass  a  scries  of  electric  sparks  through  oiygea 

coDtained  in  a  tabe  above  a  eola- 
tion of  iodide  of  potaaaium  and 
starch,  in  order  to  produce  the 
blue  color  caused  by  the  oione 
(Fig.  20). 

It  has  been  ooticed  that  tbe 
lai^est  quBQtitv  of  ozone  is  pro- 
duced when  the  passage  of  the 
elecfricily  through  oxygen  is  ef- 
fected, not  by  Bparks,  but  by  noa- 
luminous  or  obsenre  discharga 
(Andrews  and  Tail,  de  Babe)' 
Dry  and  pure  oxygen  can  be  con- 
verted into  oione  in  this  mtnoer. 
But  this  converwon  only  takes 
place  partially,  the  oione  formed 
remaining  mixed  witli  a  lar^ 
;  excess  of  oxygen.  A  contraction 
iiikcs  place  at  ths  moment  tb^ 
Pjg  2Q  oxygen  is  tranafonoed  into  oMne- 

Tlicse  experiments  prove  thft' 
oione  is  condensed  oxygen  (Andrews  and  Tait,  de  Btibo,  Soret^- 
The  proportion  of  ozone  formed  is  increased  when  the  ox^i* 
is  cooled.  At  — 23°,  a  mixture  of  oxygen  and  oione,  coniiin-- 
ing  17.6  per  cent,  of  ilie  latier,  may  be  obtained,  under  nona*' 
atmospheric  preaaurca,     (Hautefeuillc  and  Chappuis.) 

2.  Jiy  the  elect ru/j/sii  of  wilder.— When  andulated  water  »• 
decomposed  by  thu  ballery  current,  the  oxygen  irhich  is  diseO' 
gaged  at  the  pusitivc  pule  contains  small  qaantities  of  oiontf* 
■nd  the  proportion  of  tlic  tatter  may  he  increased  by  adding  * 
(luantity  of  eulpliurie  or  chromic  acid  to  the  water.  ^ 

3.  During  tluto  oxidution. — Some  sticks  of  deanly-Bcrapv'' 


liuD  of  tk«  ftaivh  with  rhr  iodine  ret  nt  librrlr  b;  the  oione.  Aegardlstf 
(o  Iluumu.  it  if  prrfmblF  to  nre  ■  lii'liralc.  wiae-oolored  litma«-nif»^ 
ane-luiror*rhiehiiiinipreKDatnlwlthiiiiluMiiiiii  iodide.  OwDewiileW^^ 
Ibc  nd»r  nf  \\At  bair  In  blue.  for.  in  diviiiDi-ofiDg  Ibe  polaidani  iodid(>  ^ 
fiirmj  piitHMinm  hydrntp.  niid  thi«  rwtnrrs  tbe  blue  color  to  the  lilms'*' 
Under  Ibew  Doadfliiiii'.  the  itthor  hnlf  nt  the  |iKper  UDdergotn  bo  ebaB^~ 
IdooIot,  irhile  it  Konid  b«  r»1or«l  red  bj  acid  rapon,  or  blue  bjaaaaoai^*' 


phosphorus  wte  introdaced  into  a.  bottle  oontiiining  enough 
water  lo  jiiat  about  half  immerse  them,  and  the  whole  is  to- 
uted from  time  In  lime.  In  a  short  time  the  air  in  the  boHJe 
will  be  charjwd  with  a  small  niiantity  of  ow»ne. 

Aci»nling  to  iScliiinbein,  who  nbnerved  these  facts,  oione  ia 
produced  during  all  slow  eorabusticms.  Thus,  when  oil  of  tur- 
pentine ia  cxjKMed  to  the  air  under  the  influen<M!  of  eunligbt, 
it  is  slowly  oxidixed,  aiid  in  becoming  riutinified,  it  beuomea  ■! 
the  same  time  charged  with  a  small  quantity  of  ozone,  whldi 
diasotrcs  in  it. 

4.  Bi/  the  flei'umpoitilion  of  barium  dioxide  by  mfphuric 
•tad. — This  decomposition  giveti  rise  to  barium  sulphal«  and 
oiygeo  charped  with  a  small  quantity  of  ow>ne  (^Houzeau). 

H'SO*     -)-     BaO'     =     BaSO*     -f     U'O     +     O 

The  barium  dioxide  is  introdueed  in  small  portiune  into  sal- 
pliorii!  ac-id  contained  in  a  flask,  to  the  nn^k  of  which  is  fitted 

r  stopper  pierced  for  the  passage  of  the  delivery-tube, 
ia  ground  in  (Fig.  21j. 


I 


Properties  of  Ozone. — Okuhi:  possesses  uu  inltnpi.'  und  pecu- 
liar odor.  Hautercuilie  and  Chappuis  have  liquefied  it  by  al- 
lowing the  strongly  eoroprcH.sed  gas  to  expand  suddenly :  the 
li(|aid  is  oky-blne,  and  the  compressed  gaa  has  the  same  color, 
the  tint  being  deeper  is  the  temperature  is  lowered  or  the  press- 
tn  increased.  At  a  lempcnitarc  of  290°  it  is  reconverted 
into  ordinary  oiygen,  the  volume  of  which  is  greater  than  that 
Ipied  by  the  oxune.  It  is  then  certainly  condensed  oxygen. 
U  energetic  osidiung  properties ;  it  even  oxidises  bodies 
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which  possess  odIj  feeble  affiDities  for  oxygen.  In  the  presenoe 
of  alKalies  it  combines  with  nitrogen,  converting  it  into  nitric 
acid,  which  combines  with  the  alkali. 

It  oxidizes  silver  at  ordinary  temperatures,  converting  it  into 
the  dioxide  Ag^O^.  It  instantly  decomposes  potaflsium  iodide, 
setting  free  the  iodine.  It  is  insoluble  in  water,  but  is  endrely 
soluble  in  oil  of  turpentine  and  oil  of  cinnamon,  both  of  which 
it  slowly  oxidizes.  It  oxidizes  and  destroys  the  greater  number 
of  organic  substances.  In  most  of  these  oxidations  only  a  third 
part  of  the  oxygen  contained  in  ozone  is  active ;  the  other  two- 
thirds  become  free  as  ordinary  oxygen,  the  volume  of  which  is 
exactly  equal  to  that  primitively  occupied  by  the  ozone. 

Hence  it  is  concluded  that  3  volumes  of  oxygen  are  con- 
densed into  2  volumes  by  their  conversion  into  ozone,  and  if 
ordinary  oxygen  be  the  oxide  of  oxygen  00,  ozone  will  be  oxy- 
gen peroxide  00*  (Odling). 

O 

0-0  =  2  vol.  oxygen.     /  \  =  2  voL  ozone. 

0—0 

This  conclusion  of  Odling  s  concerning  the  nature  of  ozone, 
has  been  verified  by  the  determination  of  the  density  of  this 
body.   Sorct  has  established  that  when  ozone  diluted  with  oxy- 
gen is  absorbed  by  <»il  of  turpentine  or  oil  of  cinnamon,  there 
is  a  diminution  of  volunuj  sensibly  double  the  increase  of 
volume  noticed  on  subjecting  the  same  gas  to  the  action  of 
heat.     He  naturally  concludes  that  the  density  of  ozone  is  one 
and  a  half  times  that  of  oxygen,  or  1.G58.    These  figures  have 
been  confirmed  by  direct  experiments  upon  the  rapidity  of 
diffusion  of  ozone.     It  ha«  been  shown  by  the  researches  of 
Graliani  that  when  diff'usictn  between  two  gases  takes  place 
throujrli  an  oj)eninir,  without  the  interposition  of  a  diaphragm, 
the  rapidity  of  dift'usion  is  inversely  as  the  square  roots  of  the 
densities  of   th«»   «ras(?s.      Soret    has   demonstrated   that  the 
rapidity  of  difi'usion  of  ozone  is  notably  greater  than  that  of 
chlorine,  and  very  near  but  somewhat  less  than  that  of  car- 
bonic acid.      It  results  tliat  its  density  is  less  than  that  of 
chlorine,  and  a  little  greater  than  that  of  carbonic  acid,  which 
is  1.525  ;  this  confirms  the  density  1.658. 

An  important  property  of  ozone  is  its  reaction  with  hydrogea 
dioxide,  yielding  ordinary  oxygen  and  water. 

00^     +     H^O^    =    2(00)     +     H*0 

Osoue.    n^drogon  dioxide.    Ordinary  oxygen.         Watar. 
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ATMOSPHERIC  AIR. 
a  mtxtaro  of  oxygen  anil  nirrogen.     It  also  c 
"       '      '        ' '  '  1  vuriabic  proportio 


I 

^^^Ek  >'<>iiij><i^iti<>n  wiia  cHUbiishpd  by  l^avoi^cr  by  a 

we'-i  "    ri'lebratod.     Ilavinf;  heat«d  mercury  ii 

ii  li  11  to  a  t«mperaturo  nvar  its  boilin<r-p 

I'll  i-'TVud  the  t'onnation  of  a  red  powdt 

"I  rvuiy  with  oiygeO-  Uii  ihe  termiiiHtioi 
ti[iwiiut:ui.  )iL-  fuutid  that  the  volume  of  the  air  h 
shed  about  (jLe-*iith.  He  careftilly  coUitted  the  oil 
id.  iiitrudueed  II  iutu  a  email  retiirl,  uud  heated  it  lu  n 
He  thus  uliliLinod  a  pia  "  eniiiiL'ulJy  quuUfied  tu  Huppc 
lutiou  Biid  resp initio D."  and  the  voliiuio  of  which  wns 
Ibly  ei]nal  to  tliat  »f  the  pis  tliat  liiid  disappeared.  ThiB 
*  B  Datued  uxygt'ii.  Hi;  niixvd  it  with  the  irreitpiniblc  rf^i- 
|5e  fnnn  the  Kist  expvrimi^nt,  which  would  not  support  coni- 
iiiist'ion,  and  mi  reconstituted  titmospheric  air.  The  coinpi»itiiiu 
of  ihe  latter  was  IhtiH  established  by  analyais  and  synthceiit. 
This  eiperiment  was  infinitely  more  instructive  than  that_ 
^^^  rtuken  by  Scheeie  at  Hbout   the  saaie  time. 

Ssh  cimiuist  only  ahnorbed  the  oxygen  of  the  air  by  tl 
\nts  sulphides.  The  uitro- 
[  reinaiiicd  aa  renidae,  hut 
e  cxysen  comhined  with  the 
mlphide  could  not  be  uguia 
i)e|inralril. 

iliiwever,  ndther  one    nor 

the    (ither   of    these   methoili 

eonid  give  the  exai-t  propor- 

liiiTi    at' Hireling   tit  whieh   the 

■'■  nitrogen  lire  mixed 

I  -[ihere.     This  has 

.  a  from  the  foUow- 

ilij  ■Ill-Ills.  _ 

ff. — 1,    Int<i  a  small   lient    lulie   cloned    at   the 


,'fp 


I  pOiSsed 
I  piece  of  phoephi 


incrcury 

and  inverted  tn  a 

ed    1(11/ 

horus  iit 

then    introduced 

rbcro  it  ia  heated  by  the  n 

and  in 

burning  eouBum 

(Fig.  22).     A 
and  brought 


A 


n  of  the  100  volumes  of  air.  The  opemlion  haa  tend- 
wheii  the  flume  of  the  phoi<phnrua  va{H>r  has  extended 
U>  the  eoluuin  of  mercury.  The  residual  gas  is  then 
allowed  to  cool,  and  od  lieing  meofiured  is  found  to  be 
reduced  to  79  volumes.     It  is  nitrt^n. 

2.  The  abeorption  of  oxygen  by  phosphorus  will  take 
place  in  the  cold,  if  a  long  stick  of  this  substance  be  in- 
troduL'ed  into  a  determined  volume  of  air  contained  in  ■ 
graduated  tube.  The  experiment  requires  several  honn, 
and  gives  the  same  result  as  the  preceding. 

3.  100  volumes  of  air  are  measured  into  a  graduated 
tube  on  the  mercury-trough.  A  concentral«d  Bolodoo 
of  potassium  hydrate  is  introduced,  and  then  some  pyro- 
gallic  acid,  a  white,  crystalline  subslanoe  employed  in 
photography ;  the  whole  is  then  rapidly  agitated,  the 
extremity  of  the  tube  being  closed  by  the  thumb. 

The  alkaline  solution  is  immediately  blackened  by  the 
destruction  of  the  pyrogallic  acid.  All  of  the  oxygen  it 
rapidly  absorbed,  and  when  the  tube  is  opened,  nndei 
the  surface  of  the  mercury,  the  100  volumes  of  air  are 
found  reduced  to  about  79  volumes. 


4,  There  is  another  nielhod  capable  of  stUI  greater 
Fig.  23  represents  a.  Bunsen's  eudiometer ;  it  is  a  stout  ghutf 
tube  about  60  centimetres  long  and  2  centimetres  in  diameter- 
Two  platinum  wires  are  hermetically  sealed  into  the  upper  ex' 
tnmity  through  the  whole  thickness  of  the  glaiw.     Each  ter-" 
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ninates  exteriorly  in  a  small  loop,  and  on  the  interior  follows 
he  carve  of  the  end  nearly  to  the  centre,  so  as  to  leave  an 
nterval  of  ahout  1  centimetre  between  the  extremities  of  the 
wo  wires.  The  tube  is  graduated  in  millimetres,  and  the  car 
Mcity  of  each  division  is  known.  It  is  filled  with  mercury  and 
nverted  upon  a  small  trough.  100  volumes  of  air  and  100 
rohimes  of  hydrogen  are  then  introduced.  One  of  the  plad- 
lum  loops  is  then  put  into  communication  with  an  electrical 
sonductor,  and  the  other  with  the  earth,  and  a  spark  is  passed 
bhroogh  the  mixture  (Fig.  24).  A  flash  appears  in  the  tube, 
and  all  of  the  oxygen  of  the  100  volumes  of  air  has  combined 
with  hydrogen  to  form  water.  There  thus  results  a  vacuum, 
which  is  filled  by  the  mercury,  and  in  place  of  200  volumes  of 
gas  introduced  into  the  eudiometer,  we  find,  all  corrections  being 
made,  only  137.21  volumes  of  a  mixture  of  hydrogen  and 
nitrogen. 

62.79  volumes  have  then  disappeared  to  form  water,  and 
tlu8  water  contains  all  of  the  oxygen  contained  in  100  volumes 
of  air ;  as  each  volume  of  this  oxygen  must  consume  2  vol- 
umes of  hydrogen,  it  follows  that  the  62.79  volumes  which 
bve  disappeared  must  have  contained  20.93  volumes  of 
oxygen  and  41.86  volumes  of  hydrogen. 

Hence  the  100  volumes  of  air  introduced  into  the  eudiom- 
eter contained  20.93  volumes  of  oxygen  and  79.07  volumes  of 
mtrogen. 

Such  is  the  composition  of  the  air  by  volume.  As  nitrogen 
18  lighter  than  oxygen,  these  volumetric  relations  do  not  express 
Ae  composition  of  the  air  by  weight.  This  wius  determined 
very  exactly  by  Dumas  and  Boussingault  in  the  following 
manner. 

A  globe,  A  (Fig.  25),  having  a  capacity  of  15  or  20  litres, 
and  fitted  with  a  brass  cap  and  stop-cock,  R",  by  which  it  may 
be  connected  with  an  air-pump,  is  joined  to  a  hard  glass  tube, 
BB',  having  a  stop-cock  at  each  end,  R  and  R'.  and  filled  with 
metallic  copper.  The  air  is  exhausted  from  the  globe  and  tube, 
and  the  weight  of  each  is  then  accurately  determined. 

The  tube  BB'  is  placed  in  a  combustion-furnace,  and  by  it.s 
extremity  B'  is  connected  with  the  tubes  K,  I,  U,  G,  F,  E,  D, 
C.  The  tube  with  bulbs  C  contains  a  solution  of  caustic  po- 
taasa;  the  tubes  D  and  E  are  filled  with  pumice-stone  impreg- 
nated with  caustic  potassa,  and  the  tubes  F  and  Gr  with  frag- 
iBentB  of  solid  caustic  potassa ;  the  bulbs  H  contain  sulphuric 
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^H      acid,  and  tbe  last  tubm 

I  and  K,  are 

filkd  iritli  frngmenta  of 

^HP      pumicc-stoDe  saturated  nith 

sulphuric 

acid.    Tliu  potiu>«!a  snme 

Ui  reniovi!  from  iho  air 

J/TflS      ^^ 

the  small   quantity  of 

iJ^oBlteM 

carbonic  atid  ga«  which 

T^^^^HI^E 

E 

_ 

it  contnina,  and  thi?  si]]- 

S^^^B^F 

pharie  ttcid  absorhs  Lbti 

^3m 

The  tube  filled  with 
copper  ia  iiow  he«f«d  to 

V BH 

redness,   its    stop-t-ocb 
being    open,    nod    ihe 

d^  ^HH 

stop-cock  of  the  globe  is 
gradually  opened.     Air 

immediately  enters,  hiil 
it  is  first  obliged  tu  In- 

& 

verse  the  Bcriee  of  tufam, 
where    it    hi    deprived 

of    its     earbonie     ariii 

» 

gas  and  Taper  of  wnter, 

S 

and  abfo  ibe  tube  filled 

^^L             >i^Ht'H 
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with  inianJeseenl  «m- 
pcr,  which  ciliB(»rbe  the 
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^H            nUll 

oxygen.    Ills  then  pure 

nitrogen    whieh    cnt«is 

^^K           ~lHI 

the  jjlotK-.    The  wpori. 

H       '{HI 

nient    has    terminnled 
when  the  tensiwo  of  the 

^^9r 
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gas  in  the  globe  k  uqvsl 
in  the  extiTior  pneean, 
that  is,  when  no  nton 
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idr  enlere.     Th*  KUtp- 
mk  R"iH  nowclowd. 
The  tube  and  globo  m 
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of  the  globe  gives  Uu 
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»^^1 

weight  (.f  the  ttitngto 
which  has  entered. 

^H         The  increase  in  wei^ 
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which  WHS  first  weiirfwd 
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combined  with  the  copper,  plus  the  weight  of  the  nitrogen 
remaining  in  the  tube  at  the  close  of  the  experiment.  The 
weight  of  this  nitrogen  is  determined  by  exhausting  the  tube 
and  weighing  a  third  time.  The  difference  between  the  second 
and  third  weighings  indicates  the  weight  of  the  nitrogen  re- 
maining in  the  tube  at  the  end  of  the  experiment,  and  this 
weight  added  to  that  of  the  nitrogen  contained  in  the  globe 
constitutes  the  total  weight  of  nitrogen  in  the  air  analyzed. 

The  weight  of  the  oxygen  is  given  by  the  difference  between 
the  third  and  first  weighings  of  the  tube. 

By  this  method  Dumas  and  Boussingault  found  that  100 
parts  of  air  contain  by  weight 

Oxygen 23.13 

Nitrogen 76.87 

These  two  gases  are  simply  mixed  in  the  air ;  they  do  not 
exist  there  in  a  state  of  combination ;  and  the  proportions  of 
the  mixture  are  universally  the  same  with  very  slight  varia- 
tions. At  the  summits  of  the  highest  mountains,  at  the  centres 
of  the  continents,  and  over  the  vast  expanse  of  the  seas,  the 
air  has  been  shown  to  be  nearly  equally  rich  in  oxygen.  From 
a  comparison  of  a  great  number  of  analyses,  Regnault  has  es- 
tablished that  as  a  rule  the  percentage  of  oxygen  only  varies 
from  20.9  to  21.0;  air  which  has  been  collected  on  the  open 
sea  and  close  to  the  surface  of  the  water,  has  been  found  to 
contain  a  somewhat  smaller  amount  (20.6),  a  circumstance 
which  may  be  attributed  to  the  dissolving  action  of  the  water. 

Nitrogen  and  oxygen  are  by  far  the  most  abundant  con- 
stituents of  the  atmosphere  ;  among  the  substances  which  are 
contained  in  small  proportion  must  be  mentioned  particularly 
earbonic  acid  gas  and  vapor  of  water. 
\  Carbonic  Acid  Oas  and  Vapor  of  Water. — If  lime-water 
he  poured  into  a  flat  dish  and  exposed  to  the  air,  in  a  few 
hours  its  surface  will  be  found  covered  with  a  white  pellicle 
fonned  of  little  crystals  of  calcium  carbonate. 

This  experiment  demonstrates  the  presence  of  carbonic  acid 
gas  in  the  atmosphere.  The  watery  vapor  may  be  condensed 
by  exposing  to  the  air  a  glass  vessel  containing  a  mixture  of  ice 
*nd  salt.  The  sides  of  the  vessel  soon  become  covered  with  a 
layer  of  frost,  resulting  from  the  solidification  of  the  water  which 
has  been  condensed  from  the  air  by  the  cool  surface  of  the  glass. 

The  exact  quantities  of  carbonic  acid  gas  and  vapor  of  water 
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contained  in  the  air  may  be  detennioed  b;  drawing  the  Utter 
through  tubes  cuntuiuing  sulphuric  acid  and  i^iiuBtic  potasu. 
The  aspiration  is  obtained  by  means  of  a  bottle  or  a.  tin  veead, 
V  (_Fig.  2ti),  filled  with  water.     On  opening  tho  stop-<!ock  r, 


Fia.  26. 

the  wat*r  runs  out,  and  air  in  drawn  in  through  the  tiib«e  V 
and  E,  filled  with  i'r^nnenla  of  pmnice-stone  wetted  with  sal- 
pburio  acid,  thon  tlirough  D  and  C,  containing  pumic»4biikP 
impregnated  with  cauatic  potassa,  and  finally  B,  which  is  likB 
the  first  two.  These  tubes  increase  in  weight  from  the  theon- 
tion  of  vapor  of  water  in  the  first  two,  and  carbonic  arad  in 
the  others.  The  difierence  in  weight,  of  the  tubes  F  and  E! 
before  and  after  the  espertinent  gives  the  proportion  of  oon- 
densed  wat«r  ;  the  difierence  of  D,  C,  and  B  gives  the  propor- 
tion  of  carbonic  acid  goH.  The  volume  of  air  is  equal  to  that 
of  the  water  which  ban  run  cut  of  the  aspirator. 

According  to  the  cjtpcrimentfl  of  Theodore  de  SausHnre,  the 
quantity  of  carbonic  acid  gas  contained  in  the  air  varie*  tttaa 
4  to  ti  ten-thousandths.  It  is  increased  in  inhabited  ploMS- 
II  is  greater  at  night  than  during  the  day,  a  drcnmstance  dufi 
must  be  attributed  to  the  influence  of  Teg^adon.     It  is  diminr- 


TUK   ATMOSPIIEHE. 


\  iftvT  E  rain,  anil  U  latmd  i 
B  thr  mrffu^  of  tat^  ]ake«. 


iiii  miDimum  proportion 


a  cftrfaonic  a 

Sain  repnng  fiieures  in  the  earth  disen^;!!^  large  vulummi ; 
iintrtK  emit  immeiiiw  <)iuntiliM ;    (.'crttiiu  Kpriiii;  wtilt.-rN 
supereaturalcd.  and  disengajge  it  in  abundiinc«  wliea  liii'^  r< 
ihe  HurfacG  of  the  earth.     But  the  greator  ]Kirti»n  is  produc 
hy  ibe  phenomena  of  cunibuEtion  vfaich  take  plaoi  < 
uaith'a  aurtai-c  }  and  among  tlit^se  phenomena  munt  bcini 
— — --TUion,  wbioh  ia  a  alow  CDniliustitin. 

^  rittumt. — II'  by  lbs  aid  of  n  glass  tube,  a  [  Fig.  27),  i 
K  tht^  luu^  be  blown  through  linic-watcr,  the  latter  becomi 
__|9«l,  by  tbc  formntiiin 
.^mlcium  luirbonate.  TIic 
rarbonic  atAd  gas  thus 
fixed  by  the  lime  (.-onies 
from  the  respimtinn,  which 

II  abundant  iH)un:c  of 
gaa. 
tea  carbonic  atid  pyia 
&ulat«  indefiniiely  in 
llDoeiibi^re  ?  No.  Ke- 
|d  ana  excreted  by  uiil- 
,  il  aerree  for  the  reg- 
ion of  plants.  The 
groirn  pvtd  nf  refretnblea 
poMcaa  tbe  power  v" 
Mimpouii^  this  gas  under  j 
•  '  ihe  inflaenco  of  the  ^un'a 
lijtht.  The  carbon  is  tix(^, 
au(j  aerven  for  the  iiu- 
tritiuo  of  the  plant ;  ihe  oxygen  is  rqected,  if  not  wholly,  i 
If-ANt  in  greal  part..  Thia  irutli  ia  one  of  ihe  most  importai 
nebievetseuta  of  the  adenoe  of  th«  la«t  century.  It  ia  due  h 
the  auouetiaive  labont  of  Fricatloy^  Bonnet,  In^nhoi 
~~  ^  Hfid  Thewlore  de  Sauaaiire. 

mdently  of  carbiiniu  acid  gaa  und  vapir  of  water,  t 
9  other  matters  mixed  with  or  sugpended  In  i 
qnsatitiuii.     Awutig  these  muat  be  mentioned  : 

I  of  aiumouia,  or  rathor  of  ammonium  oarbonab 

i  imbstAneui  are   dissolved  by  rain-water,  and  play  i 

lot  part  in  v^;ototJon. 
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2.  A  trace  of  hydrogen  carbide  (Boussingault). 

3.  A  small  quantity  of  nitric  acid  in  the  form  of  ammoDinm 
nitrate.  It  is  supposed  that  nitric  acid  is  formed  in  the  air  by 
the  direct  union  of  the  nitrogen  and  oxygen  under  the  influ- 
ence of  atmospheric  electricity.  Schonbein  asserts  that  the 
air  contains  traces  of  ammonium  nitrite : 

(NH*)NO' 

4.  A  body  which  possesses  the  property  of  imparting  a  blue 
color  to  papers  saturated  with  starch  and  potassium  iodide. 
It  is  held,  and  not  without  reason,  that  this  substance  is  ozooe. 
The  phenomenon  would  also  be  caused  by  the  presence  of 
traces  of  nitrous  vapors  or  chlorine  in  the  air ;  but  Andrews 
has  shown  that  air  contains  a  principle  which  decomposes  po- 
tassium iodide,  and  loses  this  property  when  it  is  brought  to  a 
high  temperature.  This  fact  can  be  explained  if  the  air  con- 
tain ozone,  which  is  destroyed  by  heat ;  it  cannot  be  explained 
if  it  contain  chlorine  or  nitrous  vapors.  Besides,  the  air  con- 
tains only  very  slight  traces  of  ozone,  which  vary  greatly; 
often  none  is  present.  The  relative  proportion  of  ozone  pres- 
ent is  approximately  estimated  by  the  greater  or  less  intensity 
of  the  blue  color  produced  uj)on  ozonoscopic  paper. 

5.  Solid  particles  suspended  in  the  air  and  carried  to  a  dis- 
tance by  the  winds.  In  perfectly  calm  air  these  corpuscles  are 
deposited,  formiiii^  a  dust  of  which  the  composition  is  very 
variable.  It  contains  various  microscopic  vegetable  and  animal 
germs  (Piisteurj. 


W  ATER.*r  M*^^*-^^  *».-«• 


Vapor  density  compared  to  air 0.638* 

Vapor  density  oom|)ared  to  hydrogen  ^     .     .     .       9. 
Molecular  weight  ir-^O        =  18.« 

Water  is  the  product  of  the  combination  of  hydrogen  and 

oxygen  ;  its  composition  was  established  by  Lavoisier  in  1783. 

-   -  - ^ . 

1  The  density  of  vapor  of  water  compared  to  that  of  hydrogen  U  9 ;  thftt 
is,  if  the  weight  of  1  volume  of  hydrogen  be  roprej>ented  by  1,  the  w^|^t 
of  1  volume  of  vapor  of  w.itor  will  be  U ;  in  other  words,  vapor  of  water  is 
nine  times  more  dense  than  hydrogen  under  the  same  oonuitions  of  teii- 
peraturc  and  prensure. 

>  The  weight  of  the  molecule  or  the  molecular  weight  expresses  the 
weight  of  2  volumes  of  vapor,  if  the  weight  of  1  yolame  of  hydrogen  be 
represented  by  1. 
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lie  combination  takes  place  exactly  in  the  ratio  of  2  Tolnmea 

r  hydn^D  to  1  volume  of  oxygen,  as  demonstrated  by  the 

tllowing  experimeiite, 
1.  Aaalytu  of  Water  by  Stctrobftu. — Water  slightly  add- 

]ated  with  eulphuiic  acid  i§  introduced  into  the  veaael  G 

Fir.   28),  through 

he  bottom  of  which 

ise    two    platinum 

(ilea.     These  wires 

ire       hermetically 

lealed  in  the  waifs 

<£  the  glaaa,  and  the 

fee  exterior  ex- 
tttmitiee  are  con- 
nected ynih.  the 
Nlea  of  a  galvanic 
Weiy.  The  cur- 
nt  paaring  through 
tlwaiadnlated  liquid  - ,  -  _ 
iwoniposea  the  Kio.  28. 

wtei/and  bubbles 

flf  gas  are  formed  and  rapidly  rise  from  the  two  pliilinum  wires 
wUch  constitute  the  poles.  If  two  small  tubes  filled  with 
WWr  be  inverted  over  thofe  wires,  the  gases  may  be  collected, 
■>id  it  wilt  be  found  that  the  gas  disengaged  at  (he  negative 
pole  b  sensibly  double  in  volume  that  dL^engaged  at  the  posi- 
fire.  The  first  is  hydrogen,  and  the  second  oxygen,  and  the 
pwportion  in  whith  these  gases  are  set  free  would  be  exactly 
fliat  of  2  to  T,  were  it  not  that  a  small  quanlity  of  oxygen  re- 
nuins  dissolved  in  the  acid  liquid,  or,  under  curtain  eondi- 
tioiw.  combines  with  a  portion  of  the  water  surrounding  the 
i^tive  pole  to  form  a  trace  of  hydrogen  dioxide,  as  will  be 
fcntioned  farther  on. 

This  experiment  of  the  decomposition  of  water  by  the  pile 
Wia  made  for  the  firxt  time,  in  1801,  by  two  English  physi- 
<M«,  Nicholson  and  Carlisle. 


Dudcr  tbeee  c( 


•UBO*,  whioh  •eparates  at  (he  positiio  pulf,  anil  ia  at  nnce  dwompOBed 
Wo  80"  and  O,     The  0  ii  diiengagfld,  and  Iho  SO"  in  Ihe  pretenco  of  tbe 


-»rb»oni«»  again  hydrated,  rarormiog  »i 
TCO*.  The  alBotrolytic  aolion  is  thui  oo 
*nli  alone  ia  deooDipo«ed. 
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2.  Eudiometric  Synthesis. — The  compoBition  of  water  can 
be  established  by  si/nthesis,  that  is,  by  the  combinatioii  of  the 
two  elements,  liydrogen  and  oxygen.  The  experiment,  which 
is  made  in  an  eudiometer,  has  already  been  described  (page  28). 
It  demonstrates  that  the  two  gases  combine  in  the  exact  ratio 
of  2  volumes  of  the  first  to  1  of  the  second,  and  that  these 
3  volumes  of  gas  are  condensed  into  2  volumes  of  vapor  of 
water. 

These  experiments  establish  the  volumetric  composition  of 
water ;  its  composition  by  weight  can  be  deduced  A'om  them, 
the  densities  of  hydrogen  and  oxygen  being  known ;  for  the 
weighable  matter  of  2  volumes  of  hydrogen  being  added  to  the 
weigh  able  matter  of  1  volume  of  oxygen,  it  is  only  necessary 
to  add  twice  the  weight  of  1  volume  of  hydrogen  to  the  weight 
of  1  volume  of  oxygen  in  order  to  determine  the  weight  of  2 
volumes  of  vapor  of  w^ater.  That  is  to  say,  the  ratio  by  weight 
in  which  hydrc>gen  eom})ines  with  oxygen  to  form  water  is  that 
of  double  the  density  of  hydrogen  (the  weight  of  2  volumes  of 
H)  to  the  density  of  oxygen  (the  weight  of  1  volume  of  0). 
This  ratio  is 

2  X  0.0693        0.1386  _  1 
I.ru56     ^  1.1056  ~8 

It  may  be  deduced  in  a  more  simple  manner  by  a  com- 
parison of  the  densities  of  hydrogen  and  oxygen.  If  1  volume 
of  hydrojrcn  weighs  1,  1  volume  of  oxygen  weighs  16;  the 
weight  of  2  volumes  of  hydrogen  will  then  be  2,  and  it  will  be 
seen  that  the  two  gases  unite,  by  weight,  in  the  ratio  of 

1  —- 

16~8 

18  grammes  of  water  then  contain  16  grammes  of  oxygen 
and  2  granmies  of  hydrogen.  This  composition,  which  can  be 
determined  only  in  an  approximative  manner  by  a  compari- 
s(m  of  the  densities,  owing  to  the  difficulties  in  the  methods 
(►f  weighing  gases,  has  been  established  in  the  most  rigorous 
manner  l>y  Ounuu*,  in  an  experiment  which  has  become  claasic, 
and  will  now  l)e  described. 

3.  Sj/nfh(si.s  of  Water  by  the  Grravimefnc  Method, — In  order 
to  determine  the  composition  of  water  by  synthesis  it  is  suffi- 
cient to  combine  an  indeterminate  quantity  of  hydrogen  with 
a  precisely  determined  weight  of  oxygen,  and  to  weigh  exactly 
the  water  formed.    By  subtracting  from  this  latter  weight  that 


of  the  oxygen  oontdned 
gen  which  has  com- 
liit]cd  with  tliat  oiy> 
gen  U  obuined. 

In  order  to  thus 
combiDe  hydrogen  j 
with  oxygen,  it  is  J 
roaT«aieDt  to  make 
the  former  gas  react 
upon  an  oxidlKed 
wdy  which  will  read- 
ily yield  ito  oxyf^n 
W  the  coiDbiulible 
EM.  Oupric  oxide,  or 
dlick  oxidu  of  cup- 
per. CuO,  first  sug- 
pfltsi  by  Gay-Lu8- 
»c  and  employed  Tur 
ihi*  j«r|iaae  by  Ber- 
wliu!  and  Dulonj;, 
Silfils  these  condi- 
timi  Although  un- 
feomposablo  by  heat 
■Wig,  it  is  readily  re- 
ivixi  by  hydrogen 
*hen  healed  in  an  Mr 
OKphere  of  that  gas. 
Damns  employed  the 
■ppiratua  represent- 
winFi^  ^0 

Hydrogen  i8  pr'^ 
pocd  by  the  aLlion 
tf  ddaU  Bulphun 
wJ  npoo  «in  an  1 
"  purified  by  ben  u, 
WBilniied  tl  ro  if,h  » 
Wte  of  U  lubis  the 
•w  wntmnin^  fru, 
■oitB  of  gljfs  wet 
rthtwltttioi  ofltad 
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the  third,  pumice-etone,  impregnated  with  cauatio  potuat. 
The  lead  acetate  retains  hydrogen  enlphide ;  the  diver  nilphue 
absorbs  hjdn^n  arsenide,  and  the  potassa  abeorbe  an;  tricet 
of  carbides  of  hydrogen. 

The  hydn^Q  thus  purified  is  dried  by  paBsage  tluongh  an- 
other series  of  U  tubi^,  the  first  conlaining  calcium  chloride, 
and  the  others  pumice-stone  saturated  with  sulphuric  add-  The 
latter  tubex  arc  cooled  by  being  surrounded  with  ice.  The  ps 
in  lastly  passed  through  a  smaller  tube  containing  phomhorie 
oxide.  The  weight  of  this  tube  must  remain  constant  aoring 
the  whole  of  the  experiment.    It  is  called  the  eotttntrtube. 


The  pure  and  diy  hydrq^n  now  pasaca  through 
18  buib,  which  contains  pure  capric  oxide.     The 


ir^^tf 


this  bulb,  together  with  the  oxide  which  it  oontainA,  isit/Ujf 
mined  with  care.     The  receiver  B*,  as  well  ai  the  U  HmI  ■ 
which  terminate  the  apparatus,  are  also  acouratelj  iraJJ^ndL 

When  the  whole  of  the  air  contuncd  in  the  appanbAAfi 
been  expelled  by  the  hydrogen,  the  flask  is  heated  UHliw 
cupric  oxide  is  reduced.  Water  is  formed  and  i»  in  groat  put 
condcnHcd  in  the  liquid  state  in  the  receiver,  but  a  portion  of 
the  vapor  remains  uneoiidensed  and  is  carried  off  by  the  mcm 
of  hydrogen.  This  vapor  is  retained  in  the  second  series  o! 
V  tubes,  which  contain  cidcium  chloride  and  pumice-stone  sita- 
rate<I  with  sulphuric  acid.  When  the  reduction  has  almcrt 
Ivruiinati^,  the  bulb  is  allowed  to  cool,  the  current  of  hydra- 
fpen  la'ing  cnntinutMl ;  this  gas  is  finally  displaced  by  a  ciuKit 
of  air,  and  the  weighings  are  then  made. 

Tlie  weight  of  the  bnlb  haw  dc^-reascd  by  that  of  all  of  the 
oxygen  which  has  been  takirn  from  the  oxide  of  copper  by  lbs 
hyonigcn.  and  which  now  exists  in  the  water  formed. 

The  weight  of  the  rcK-eiver  and  the  condensing  appantni  ax- 
nccted  with  it  is  increa-ied  by  tlie  weight  of  all  the  water  fomiea. 

By  subtracting  tlie  weight  of  the  oxygen  from  that  of  t*" 
water  wo  find  the  weight  of  the  hydrogen. 

By  the  aid  of  this  rigorous  method  Dumaa  hae  found  th* 
100  parts  by  weight  of  water  ttmtaiu 

Hydrogen 1I.lt 

Oiygen 88.88 

1W.M 

These  numbers  arc  in  the  csaet  ratio  of 


Physical  Fropertiea. — Pure  water  tias  neither  tast*  nor 
odor.     It  is  lim^iid  und  ralorioas.     It  occnTE  in  three  si 

;  during  tlit  I'olds  of  winter  it  is  solid,  k-e.  snow,  frost, 
§Ieet,  and  hail  are  the  difii-rent  forms  which  it  luwumes  in  this 
stale.  The  teiupemture  at  which  ice  raelta  is  cuie  of  the  ataod- 
wd  paiints  in  the  ihemio metric  scale.  To  thin  tempernture 
(iirrwiponds  the  ('  of  the  eentigmde  scale,  whit'h  is  adopted  in 
rhid  work. 

Snow  ia  vunipoaed  of  an  agglomerntiim  of  little  eryalals; 
these  are  hexa^miil  prisois,  whieh  often  jireseut  the  fornw  rop- 
rueentod  in  Fi^.  31). 


^■N-i*#4f 


At  the  moment  of  fn'cziny.  watiT  fXiiimdH,  and  its  density 
ii  then  leas  than  that  which  it  jios'-t'ssi.'s  in  the  liquid  statd. 
The  density  of  ice  is  0,93.  Wi.tcr  c'mtn«-t«  in  volume  from 
D  to  -f-  4°-  luid  presents  it.s  niiixiniunj  (Icn.tity  at  the  latter  tern- 
pntore.  Ila  density  at  this  point  is  ehosen  aa  the  nnit  of 
MMuimn  for  the  densities  of  solid  and  liquid  Itodies. 

Water  and  even  ice  are  continually  emitting  invisible  vapors 
■bit;h  mix  with  the  air,  and  are,  as  it  were,  dissolved  in  it. 
This  raporiuition  t^kcs  place  more  actively  as  the  tenipernlure 
snuBed. 

The  air  is  said  to  be  saturated  with  vapor  at  any  given  tem- 
paiture  when  it  refiises  t«  take  tip  any  more  vapor  at  thai 
KwpfTature.  I'nder  these  ctmditions,  if  the  temperature  be 
Wercd.  a  portion  of  the  vapor  in  condensed  in  fine  droi*, 
•iieh  remain  t'ospcnded  in  the  air  in  the  form  of  mist  or  visi- 
le vMwr.  The  iwint  at  which  the  moiijture  of  the  air  is  con- 
wtised  is  called  the  detc-point. 

Water  begins  to  boil  when  its  vapor  acquires  sufficient  ten- 
•m  to  overcome  the  atmospheric  pressure.  Tliia  is  the  boil- 
''g-point,  and  under  a  pressure  of  O.THO  metre  corresponds  to 
lOO"  nf  the  eent^rade  scale. 
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Cheinical  PropertieB. — Water  is  partially  decomposed  by 
the  hi^he^t  t^mpenturus  at  our  commaiid.  On  pourinj^  melted 
platinum  into  an  iron  mortar  containinjj  wat«r.  Grove  observed 
&  disengagement  of  bubbles  composed  of  an  eiploflive  mixture 
of  OJtygen  and  hydrogen.  According  to  H.  Suinte-Ctaire  De- 
riUe,  vapor  of  water  undergoes  u  partial  decomposition,  whiuh 
he  calls  dissociation,  when  exposed  to  a  temperature  between 
1100  and  1200°.  Id  order  to  collect  the  gases  resulting  trom 
this  decomposition  it  is  necessary  to  separate  them  before  they 
have  reached  a  part  of  the  apparatus  where  a  leas  elevated 
temporature  would  pcrniit  their  rccumhi nation.  For  ihia  pur- 
pose Deville  directed  a  current  of  steam  through  a  porous  ckv 
tube,  a  (Fig.  31),  surrounded  by  a  tube  of  glazed  porcelain,  b. 


which  wiiH  lir.>!itt"l  (o  whili.noss  in  a  pmriTlul  I'urniid-.  A  cur- 
rent of  c&rbonic  acid  gas  was  passed  through  the  annular  space 
between  the  two  tubes,  by  means  of  the  tube  c.  The  vapor  of 
water  was  decomposed  by  the  beat  inio  hydrogi'n  and  oxygen; 
but  these  two  gases  separated  from  each  other :  tlie  hydrugen, 
being  the  more  diffusible,  pawed  in  great  part  through  the 
porous  tube,  while  the  oxygen  was  delivered  by  the  interior 
tube,  together  with  a  small  quantity  of  carbonic  acid  gas,  which 
entered  by  diffusion.  The  gases  evolved  by  the  two  tubes  were 
collected  in  a  email  jnr  filled  with  a  Eolution  of  caustic  potasei 
by  which  the  carbonic  acid  gas  was  absorbed,  and  there  re- 
mained an  explosive  mLxture  of  hydrogen  and  oxygen. 

Water  b  decomposed  by  an  electric  current,  as  already  seen. 
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It  is  likewise  decomposed  by  many  of  the  elements,  metallic 
ad  non-metallic,  which  combine  with  one  or  the  other  of  its 
omponent  elements.  Thus,  chlorine  decomposes  it  at  a  red 
leat,  uniting  with  the  hydrogen  to  form  hydrochloric  acid,  and 
etting  free  the  oxygen ;  also  under  the  influence  of  light  at 
ordinary  temperatures.  A  number  of  the  metals  decompose 
vater,  fiberating  the  hydrogen. 

Iron  decomposes  it  at  a  red  heat,  taking  up  the  oxygen  and 
B^ing  free  the  hydrogen  ;  potassium  and  sodium,  as  we  Have 
seen  in  the  case  of  the  latter  metal,  produce  the  same  effect  at 
oidinary  temperatures. 

Many  compound  bodies  seize  upon  the  elements  of  water, 
and  are  decomposed  by  it.  Such  are  the  chlorides  of  phos- 
phorus and  antimony.  In  these  reactions,  which  will  be 
studied  farther  on,  the  hydrogen  of  the  decomposed  water 
nnites  with  the  chlorine,  the  oxygen  with  the  other  element. 

We  have  already  noticed  the  action  of  water  upon  the  non- 
metallic  and  metallic  oxides.  It  combines  with  many  of  these 
compounds,  forming  either  acids  or  metallic  hydrates. 

Certain  of  these  reactions  are  worthy  of  reconsideration.  It 
is  especially  important  to  fully  appreciate  the  part  played  by 
the  water  which  enters  into  them. 

When  potassium  oxide  becomes  hydrated  to  form  caustic 
potassa,  the  reaction  takes  place  by  a  double  decomposition, 
which  may  be  expressed  by  the  following  equation  : 

(1)|}0    +    }J}o    =   g}o    +    «}o 

Potaaskiin  oxide.  Water.  Potassiuin  liydrate.    Potassium  hydrate. 

It  will  be  seen  that  both  the  potassium  oxide  and  the  water 
we  converted  into  potassium  hydrate  by  the  exchange  of  an 
atom  of  potassium  for  an  atom  of  hydrogen.  Potassium  hydrate 
is,  as  it  were,  derived  from  water  by  the  substitution  of  an  atom 
of  potassium  for  an  atom  of  hydrogen.  This  substitution  takes 
phice  directly  when  water  is  decomposed  by  potassium. 

(2)  2H^0  H-  K'  =  2K0H  +  IP 

The  potassium  hydrate  in  its  turn  may  lose  the  remaining 
atom  of  hydrogen  ;  if  it  be  heated  with  potassium,  this  hydro- 
gen is  displaced,  and  potassium  oxide  is  formed. 

(3)  2K0H      -f      K'      =      2K^0      +      H' 

Potaaaium  hydrate.       Putaasiam.       Potaasium  oxide.         Hydrogen. 

7* 
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It  will  be  seen  from  what  precedes  that,  starting  with  water, 
we  may  form  potassium  hydrate  (2),  potassium  oxide  (3),  and 
this  again  may  be  converted  into  potassium  hydrate  (1).  The 
three  compounds  are  then  closely  related.  £ach  contains  1 
atom  of  oxygen  combined  with  2  atoms  of  another  body,  hy- 
drogen or  potassium,  and  the  relation  is  clearly  expre^ed  in 
the  following  formulae : 

S}o      i}o      l]^ 

Water.  PoUuinm  hydrate.    PotBMiiiin  oxide. 

If  hypochlorous  oxide,  CPO,  be  poured  into  water,  it  is  in- 
stantly dissolved  and  converted  into  hypochlorous  acid.  The 
reaction  is  expressed  in  the  following  equation  : 

gjo    +    11}»  =   S}o  +    g}o 

Hypochlorous  oxide.  Water.  Hypochloroos  acid.     HypodUoroiie  add. 

Both  the  hypochlorous  oxide  and  the  water  are  converted 
into  hypochlorous  acid  by  the  exchange  of  an  atom  of  hydro- 
gen for  an  atom  (►f  chlorine,  so  that  the  hypochlorous  acid 
may  be  said  to  represent  water  in  which  1  atom  of  chlorine  is 
substituted  for  an  atom  of  hydrogen. 

Thus,  by  their  acomic  constitution  both  potassium  hydrate 
and  hypochlorous  acid  are  closely  related  to  water.  But  on 
comparing  them  together  they  are  found  to  differ  widely  in 
their  properties,  both  from  each  other  and  from  water  itself. 
How  could  it  be  oth(?rwise  with  bodies  containing  elements  as 
unlike  as  potassium  and  chlorine  ?  Indeed,  the  distance  which 
separates  potassium  hydrate  and  hypochlorous  acid  is  not 
grcjiter  than  that  which  separates  potassium  and  chlorine. 
Thus,  a  difference  of  elements  may  imply  a  marked  difference  of 
properties  between  bodies  which  otherwise  present  a  similar  con- 
stitution, and  which  may  be  said  to  belong  to  the  same  type. 

Water  is  ohe  of  those  types.  Its  constitution  serves  as  a 
sort  of  model  for  that  of  a  multitude  of  compounds.  It  will  be 
sufficient  to  reconsider  the  examples  already  cited,  and  we  may 
say  that  water,  potassium  hydrate,  potassium  oxide,  hypochlo- 
rous acid,  and  hypochlorous  oxide  belong  to  the  water  type. 

S}0         S!«         li'i'o        l]0        i}0 

Hypochlorout     Hypochlorous  Water.  Potaasinm  FotaMliim 

oxide.  acid.  hydrate.  oxide. 
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The  preceding  c<ni8id<nitionK  pvu  but.  a  limited  idea,  bnt 
•toe  Bofficient  for  i\ic  pruHtnt..  uf  tiie  role  pluyed  liy  water  in 
t-hemical  phenoinona.  Tljia  r5li!  is  one  <>(  great  iniportancc, 
for  water  takes  part  in  nn  inunensc  niiiuber  (if  reiictiona,  either 
by  iu  deoompcwitioTi,  it«  tbnnutbn,  or  iie  e(iml)i nation. 

Wuter  presonLg  elill  tuiotlier  mode  of  action.  It  di§8olved 
\i-ry  niuny  budiui^,  und  thi»  solvent   iictioo  is  exerted  upOB  ■ 

•z-.v^fy.  lii|uid.i.  unit  MiliiLl. 

Solv«it  PropftrtieB  of  Water. — When  u  gas  Jissolvee  ii 
water,  it  i-bnngcs  itj4  state,  it  beuouiea  itttetf  li((uid,  and  in  liquc 
lying  it  evolved  hent.  In  the  enme  manner  a  !«>litl  body  be 
cornea  ti'|iiid  liy  the  act  of  solution,  but  in  order  U*  lieconie 
,  lii^uid  it  must  abeorb  Iiciit,  CK)iu!c(juently,  the  Bolution  of  a 
pw  in  WHlor  t«kes  place  wilh  a  pri>ductiun  of  heat ;  that  of 
solid  body  tAkes  plaee  wirli  a  luwerin;;  of  temperature,  or,  t 
nm  a  eoiumun  expression,  a  priMluctiori  i<f  cold. 

liut  Hiinieliinefl  this  phynral  pht>iiiinicnon  of  the  solution  of  i 
a  sulii]  biidy  iu  wuier.  that  is,  ila  liijuefuution  and  diffusion  u-4 
(he  litguid,  is  nmiplicntod  by  a  chewienl  itction,  I 

Krpmmrni. — If  water  be  {tounid  u|)on  fa^eJ  and  powdered'' 
natijum  chloride,  the  suit  is  instantly  dissolved  with  a  produo- 
lion  of  hrnt.  This  boat  is  the  evidence  of  a  chemical  com- 
hinalion,  and  the  wattT  has  indeed  combined  with  the  calcium 
chloride  ;  if  now  the  solution  be  aufficienlly  evaporated,  it  will 
deposit  fine  tnnitpareiil  erystaki  of  hydrated  oaleium  chloride. 
The  water  contained  in  these  crystals,  and  which  is  necessary 
fur  their  fonnation,  is  what  is  called  water  of  ayita/liaUiun. 
It  is  contained  in  definite  proportions,  and  is  retained  in  the 
cryalaU  by  affinity.  For  this  reas'in  tljf  eonibination  of  water 
with  calcium  ehlnride  Is  accompanied  by  a  pmduetiou  of  heat. 

If  ihi-te  cry.ttuU  of  ealdum  eliloridf;  be  dissolved  in  water, 
thi-y  disiipjjuar.  and  the  tem[H.'rnture  i>f  the  liquid  is  depressed. 
The  phynicid  phi-nonnTiuin  of  the  solution  of  a  solid  body  in  , 
voter  om  thiH  be  iseparaleil  from  the  eheiuiud  phcnomenonkj 
rif  its  enrabinnliiin  with  that  lii|«irt.  * 

Vatnral  State  of  Water. — Wntcr  is  not  met  with  in  a  pure 
stati'  in  niitim.i  W'hi'tlier  it  has  rested  upon  or  has  flowed  over 
ili47  iiiirl'aotr  of  till'  -^oil,  whethi-r  it  has  fallen  in  the  form  of  rain, 
mist,  or  dew,  or  whether  it  has  just  issued  from  its  subterranean 
[iLiw;;^.  it  always  contains  T.irioiL'^  matters  in  solution. 

Il  ukea  up  the  (^uses  tVom  the  ntmo^phere,  and  also  certain 
budi«»  which  it  there  finds  suspended  or  in  vapor.     On  the 
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surface  or  in  the  bosom  of  the  earth  it  dissolves  the  soluble 
substances  which  it  encounters.  Hence  the  composition  of 
natural  water  presents  great  variations,  according  to  the  origin 
of  the  water  and  the  localities  where  it  has  collected,  or  the 
soils  through  which  it  h^  travelled.  In  general,  meteoric 
waters^  that  is,  those  which  result  from  the  condensation  of 
the  aqueous  vapor  diffused  through  the  atmosphere,  are  more 
pure  than  those  which  have  collected  upon  the  earth's  surface. 
The  latter  present  in  their  physical  and  chemical  properties,  in 
their  composition,  and  in  their  action  upon  the  animal  econ- 
omy, such  differences  that  they  are  classified  in  several  groups. 

Soft  or  j)otahk  waters  are  distinguished  from  Jiard  waten. 
The  first  are  sucb  as  hold  only  small  quantities  of  foreign  mat- 
ters in  solution,  and  are  essentially  fit  for  domestic  use.  The 
second  are  too  highly  charged  with  saline  matters,  and  princi- 
pally the  salts  of  calcium,  to  be  fit  for  such  purposes.  Good 
potable  water  should  be  cool,  limpid,  without  odor,  should  haye 
a  faint  but  agreeable  taste,  which  should  be  neither  insipid, 
saline,  nor  sweet,  and  should  cook  and  soften  vegetables  and 
dissolve  soap.  The  purest  water  \a  not  necessarily  the  best 
Thus  distilled  water,  rain-water,  and  that  coming  from  the 
melting  of  ice  and  snow,  although  more  pure,  are  less  salnbrioos 
than  good  spring  or  river  water. 

Good  potable  water  should  be  aerated,  that  is,  it  should  hold 
in  solution  the  gases  contained  in  the  atmosphere :  oxygen, 
nitrogen,  and  carbonic  acid.  Rain-water  takes  firom  the  atmos- 
phere a  proportion  of  oxygon,  and  especially  of  carbonic  add 
gas,  much  greater  than  that  in  which  these  gases  are  contained 
in  the  air.  This  nmst  be  so,  for  Dalton  has  shown  that  the 
solvent  action  of  water  upon  a  gaseous  mixture  is  measured  for 
each  gas  by  the  product  of  its  coefficient  of  solubility  and  the 
figure  expressing  the  proportion  of  that  gas  in  the  mixture. 
These  gases  are  driven  out  of  water  by  boiling. 

The  following  figures  give  the  proportions  of  the  atmospheric 
gases  expelled  by  boiling  from  a  litre  of  water  from  the  Seine, 
in  the  month  of  January,  and  also  the  proportions  contained  in 
a  litre  of  rain-water  (Peligot) : 

Water  of  the  Seine.  Riiin-Water. 


Carbonic  acid  gas  .     .     22  6  cubic  centimetres.     0.5  c.  c  1.77 

Nitrogen 21.4                                  15.1  64.47 

Oxygen 1(U                                 JA  88.76 

54.1                                  23.0  100.00 


kb  seen  that  Uie  ninnitig  wst«r 


1  lurpur 


B  <>r  the  gasea  tlian  rnia-irater,  anJ  a  notnbly  lur^^r  pn 
t  (airluitiic  iKwl. 
&.("/  Matlrrt  dimtlvfd  in  tl'afri-.— Soft  woU^re  gem 
contiiin  a  small  proponion  of  fixetl  tnativr?,  Riuoni:  whicl 
OTitun  salts  of  caldum  and  ma}^enai».  ctirtain  alkaline 

Buid  organic  in  altera, 
caJdnm  saltfi  are  the  carlKinate  and  sulphalc.  and  i 
IniXB  of  the  chlitride.  iiiInLte.  and  phosphate. 
e%%tm  earhonate,  or  uarhouale  of  lUui.-.  is  allooet  inaotabl 
in  pure  water,  but  dUeolvui  nuidilf  in  wnttr  chnrged  witi 
carbonic  acid  f^;  in  audi  milutiDDs  it  exists  m  dit^arbonate. 
When  waler  ttiua  charged  with  enbinra  dicarbonatt)  is  biiiliHl, 
limt  sail  is  dn'ompuAod,  uirlmtiic  aeid  gas  is  disengaged,  and 
nenlral  caUiuu  carbunalc  ia  prctjpitnted,  Whim  the  pnrpor- 
tion  uf  (calcium  lUi'urbonnU!  ctintainpil  in  spring- water  ia  large, 
it  may  happen  that  us  the  water  Iom>i<  ciirbntiu'  acid  gas  the 
(nluium  i:arbona(«  is  deposited  at  crilinary  ttimppratiirrs,  Tbis 
effect  \»  favurcd  by  ihe  tnmultiious  niovomentB  to  which  eprinp- 
wiit«r  in  subjected  i^ither  in  flowing  over  nn  inclined  bed  or  in 
c»nducting-])ipr«.  The-  carbonate  then  fornix  a  crystalline  de- 
pmrit,  which  inerusia  the  interior  walls  of  the  pipes  and,  in 
general,  whatever  objecU  may  bo  planged  into  such  waters, 
which  for  this  reason  are  called  iacriittiny  or  petriftfiiig  tctUfrt. 
The  prcHenee  of  amall  (|iianlitics  of  enlciuni  diiairbonate  ' 
drinking- wnter  may  be  eonalilered  ns  a  good  condition,  from 
hvgicnie  slond'point,  fir  the  system  needs  cnlcoreouH  i^alts 
Ihc  development  nnd  nutrition  of  the  himy  stmcturea, 

Ciiciinn  Kuiphalr,  or  sulphate  of  lime,  cxigts  in  solution 
many  wnlers,  especially  in  spring  and  well  waters.  When  the 
ttro[>oMinn  doen  not  exceed  fifli>en  or  (wenly  centigrammes  per 
IKre,  such  water  may  lje  used  wilhout  inconvenience  for  do- 
tnpfiljc  puri)os<«.  Water  largely  eliarged  with  calcium  sulphate 
ib  callod  seleuilutis  water ;  it  duen  ncil  become  clouded  on  ebul- 
liliim.  Like  all  other  Btrongly  calcareous  water,  it  does  not  dia- 
M)lve  wjap  without  Brut  funning  a  floccnileiit  precipitate.  Salts 
iifhannm  pniduce  with  such  wutcr  an  abundant  white  precipi- 
tate of  huriuiu  sulphate,  whieh  in  iniiuluhlo  in  nitrie  acid.  Such 
water  is  unfit  lor  economie  purposes,  In  general,  tbc  propor- 
f  calcareous  sails  in  puiahle  water  should  not  exceed  five 
!grsmmes  per  litre;  water  eantaining  more  than  iliis 
%  to  digest,  and  ia  called  bard  water.     Potable  water 
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should  not  contain  more  than  mere  traoes  of  organic  matter. 
If  the  organic  matter  be  due  to  sewage,  the  water  yields  am- 
monia when  boiled  with  an  alkaline  solution  of  potassium  per* 
manganate :  more  than  0.10  per  million  of  such  ammooia  indi- 
cates an  unwholesome  water. 

Mineral  or  Medicinal  Waters. — These  are  waten  that  by 
virtue  of  their  temperature  or  chemical  constituents  exercise 
a  special  action  upon  thc^  animal  economy,  and  consequently 
have  a  therapeutic  value. 

They  are  cold  or  warm.  They  are  called  warm  when  their 
temperature  at  the  moment  of  emergence  is  above  12  or  15^. 
Of  course  their  temperatures  vary  greatly,  covering  the  whole 
thermometric  scale  from  25  to  100°.  There  are  numerous  hot 
sprint's  in  California,  Colorado,  and  Virginia.  The  tempera- 
ture of  the  Grand  Geyser  in  Iceland  is  even  above  100°  in  the 
depths  of  the  tube  from  which  it  issues.  According  to  their 
chemical  constituents,  mineral  waters  are  classified  in  a  number 
of  characteristic  groups,  distinguished  either  by  the  predomi- 
nance of  certain  constituents,  or  by  the  presence  of  principles 
particularly  active.     These  groups  are  as  follows : 

AciduloHM  or  ga»e<m$  watern^  charHct(>riEed  by  the  presence  of  trte  carbonic  add. 

Alktdiiu!  wittera.  cliantc-ifrized  li.v  the  prcHeiice  of  a  greater  or  lees  proportion  of 
■odiiini  (iicarboiiate,  or  of  an  alkalino  Hilicate. 

Chilffbentt  wutrrn,  hohliiig  a  salt  of  iron  iu  8<»lution. 

Saline  mUtv$.  or  tliose  contHiiiinK  certain  neutral  salts. 

Sulphur  wtUerg^  cUaracterized  by  the  presence  of  hydrogen  milphide  or  otficr  •olS' 
ble  Hulplilile. 

On  arriving  at  the  surface  of  the  earth,  certain  of  these 
mineral  waters  undergo  a  change  in  chemical  constitution. 
Such  are  the  sulphur  waters  which  absorb  oxygen,  as  will  be 
noticed  presently.  Those  containing  free  carbonic  acid  lose  a 
part  of  their  gits,  and  it  often  happens  that  some  of  the  car 
bonates  held  in  solution  by  an  excess  of  carbonic  acid  become 
insoluble,  and  are  deposited  after  the  escape  of  that  excess. 
This  is  the  principal  cause  of  the  deposits  which  form  in  the 
basins  and  condueting-pipes  of  many  mineral  waters.  Thesfl 
deposits  vary  greatly  in  composition  ;  sometimes  they  are  floo* 
culent  or  pulverulent,  and  collect  in  the  form  of  mud ;  some- 
times they  form  hard  concretions  or  scales.  Calcium  and 
magnesium  carbonates,  ferric  hydrate,  alumina,  and  silica  are 
the  most  ordinary  constituents  of  such  deposits.  Besides  these, 
arsenic,  various  metallic  oxides,  and  materials  which  it  would 
be  difficult  to  detect  in  the  water  itself,  are  sometimes  conoeD- 
trated,  as  it  were,  in  these  deposits.     Thus,  aisenio  is  detected 


mach  more  mndily  in  thr.  (wixTcy  il^oeits  Bronnil  s  femiginc 
'[itiiiir  ilinti  In  thn  wnlcr  iif  the  spring  iteett'. 

:  '  ■  i  s  OK  ftAeeora  Watbbm. — Free  carbonic  noid  ij 
T  i«tip  aiwi  predominant  plemont  of  thoae  waters ; 
in  thii  depths  of  th«  «arth  undor  a  prcaeure  muAfJ 
IK  that  of  the  atmoepho^* ;  hence  a  t«r(»in  portio 
<i|'  thi'  giLK  is  iJifiengagied  aa  soon  a&  the  vut«r  cuiiorgva  from  tU 
Mill,  giving  rise  to  a  fToat«r  or  lees  efTerveai'ijiin-,  " 
w»(«M  are  eold ;  their  tasW  is  piquant  at  thu  muiut-ni 
pmoo,  but  often  bet-omes  saline  or  even  alknliiio  after  the  d 
engaffoment  of  the  p;ivii<lt  part  of  th«  uiu-bonic  add  am. 
uniJ  gaaeuiu  walen  ni.-Ti.'r  cuneiat  of  a  Bolulion  of  carlim 
add  in  pure  wnli^r ;  llioy  always  contain  a  email  iitiaiilltj  d 
HaKni!  m^iitvn.  priniripully  tntcce  nf  whIic,  calcic,  and  niagnen 
(■arbonutca.  aiid  evt-n  tnuiiee  of  chlnritlcs  and  buI]i]ihI«s.  Saol 
Ln  this  i»inpiinitii)n  <if  the  oelehrnlci]  Seltxer  wat^r  and  of  Soat^j 
natl  waXer.  The  wat«r  of  curtitin  of  the  Saratoga  BprinsJ 
appToxiiuatcM  in  c.-otnpoaitinn  tn  Scltier  water. 

Alkaline  Watkkb. — Thcae  vratcrs  poaseBs  an  alkaline  n 
action,  cither  iniin«diately  on  their  emei^nee  or  aJivt  the  lot 
of  their  free  carbonic  a«id.  Tlits  reaction  may  Iw  due  to  m 
alkaline  Hilieatt-,  but  in  gcncmllj'  referable  ti>  an  nlkiUine  c«r- 
biLinal«.  Sodium  acid  onrbonatv,  N«il('0',  coninionly  colled 
bieart>onat«  of  sodn,  exists  in  nearly  nil  waters  of  this  dead, 
t<^lher  wiih  ui  cxcfjs  nf  carbonic  acid.  Viuliy  water  coik-_ 
(aiiu  uboiit  !>  jTranitDta  of  this  unit  per  litre. 

(?HALTHEATK  Watebs. — Newly  all  waters  conU 
of  inia  ui  Mihitiim ;  clialybnate  waters  are  such  a 
rnifBL-iciil.  of  that  metal  to  give  them  an  astringent  taate  and' 
ffi«>ial  tliirrapentic  properties.  The  iron  may  eiist  in  three 
nnKUliono  ■- 

I.  A*  fprroiis  mrltonntv  lield  in  aolution  by  carbonic  acid. 
ti.  A*  frrroiis  irennte.      Eerselius  gave  the  names  creoic 
and  aptwiynic  acid*  m  Iwn  Uidies  whieh  are  related  to  peculiar 
acids  exwtintc  in  the  soil  ut  bnmns,  and  which  are  known  as 
'\  hiimic,  and  geic  aiidu.      Fi-rroiw  frenate  is  soluble  in 
'6  confttitution  is  not  known, 
Aa  ferrous  siilphato. 

N^Uflitly,   Phnlybeatp   wntera   may   )>(!    carbonated, 
nd  su1pbiil«d. 
« taroa^  «alt»  are  neVL-r  eontnincd  in  these  wate 
rtiutia.      Many  fmtigiuoua  wat*re  of  undoubleU  e&.ea 
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do  not  contain  more  than  4  or  5  centigrammes  per  litre. 
When  exposed  to  the  air  they  lose  the  greater  part  of  thdr 
carhonic  acid,  and  ferrous  carbonate  is  deposited,  but  this  loses 
its  carbonic  acid  and  is  converted  into  brown  ferric  hydrate. 
Such  is  the  manner  of  formation  and  the  nature  of  the  ochrey 
deposits  always  noticeable  around  ferruginous  springs. 

Chalybeate  waters  are  widely  diffused.  Those  of  Spa  snd 
Pyrmont,  Belgium  (carbonated),  Bussang  in  the  Vosges,  and 
Forges  (crenated),  and  Passy,  at  Paris,  are  well  known.  Cele- 
brated springs  of  this  class  exist  at  Bedford,  Pennsyh^ania; 
others  are  widely  diffused  throughout  the  United  States. 

Saline  Waters. — This  class  includes  a  great  number  of 
waters  ehargi^d  with  various  neutral  salts,  among  which  are  the 
chlorides,  bromides,  and  iodides.  The  salts  of  sodium,  mag- 
nesium, and  calcium  are  those  more  usually  met  with  in  these 
waters.  According  to  the  predominating  or  peculiarly  active 
principle  present,  they  are  classified  as  chlorinated,  sulphated, 
and  bromo-iodated  waters.  The  Saratoga  springs  yield  an 
acidulo-saline  water. 

Chlorinated  Sah'jir  Waters. — The  chlorides  generally  found 
in  mineral  waters  are  those  of  sodium,  magnesium,  and  cal- 
cium ;  the  fc»rmor  is  much  the  more  abundant,  and  constitutes 
one  of  the  most  common  constituents  of  mineral  waters.  It 
communicates  to  them  a  pure  salty  taste,  free  from  bitternesB. 
A  great  number  of  saline  springs  ser\*e  for  the  extraction  of 
sodium  chloride.  After  the  evaporation  of  the  water  and  the 
deposition  of  the  salt,  a  mother-liquor  remains  in  which  various 
less  abundant  salts  are  concentrated,  principally  the  alkaline 
bromides  and  iodides. 

Sea- water  is  a  chlorinated  water.     It  is  well  known  that  rt 
contains  a  notable  }»roportion  of  sodium  chloride  (2.5  to  2.7 
per  cent.).     The  common  salt  is  accompanied  by  the  cUorid*  J 
of  mairnesium  and  potassium,  and  by  a  considerable  qoait^^ 
of  magnesium  sulphate  (O.O  to  0.7  per  cent).  j 

The  Dead  Sea  and  the  Great  Salt  Lake  of  Utah  are  the 
most  concentrated  saline  sources  known.     The  water  of  tb*  j 
latter  contains  20  per  cent,  of  sodium  chloride.  j 

Sulphated  Saline  Wafers. — Tbese  are  characterised  Vj  ^'  j 
dium,  magnesium,  or  calcium  sulphate.     The  springs  of  Ctf***  1 
bad,  in  Bohemia,  contain  a  large  proportion  of  sodium  8ulpl****» 
together  with  sodium  bicarlxmate  and  sodium  chloride. 

The  purgative  waters  of  Epsom,  England,  contain  m»ff^ 
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nam  snlphiUe.  The  waters  of  Sedlita,  SaidschutE,  and  Pullna,  | 
in  BoheDiiu,  contuin  mapicsium  sulphate  and  sodium  EulphaU.  I 
Thctr  ta8t«  b  biti«r.  The  Aron  Spring,  New  York,  in  of  l.hii  i 
class.  I 

BTomo-tudaUd  Watrrn. — Many  mineral  waters  conuin  small  ' 
fjuantitiea  of  faruniides  und  iodides,  in  depend  en  ily  uf  the  chli>-  i 
ridea  which  generally  exist  in  much  larger  proportions.  The 
water  of  the  Dead  Sea,  so  rich  in  magnesium  and  sodium 
idiloridcs,  contain  0.43  per  cent,  of  inagnL'SJum  bromide.  The 
Iodine  Spring  at  Saratoga  tontains  a  notable  proportion  of 
alkaline  iodides, 

Sinj^iiUB  Waters. — By  this  uame  are  designated  those 
waters  eonlaining  a  soluble  xulphide  or  sulphuretted  hydro- 
gen. They  are  either  natural  tutphuT  \eaifr»  or  accideiUtU 
tuiphur  wnlerK.  The  first  contjun  sodium  sulphide ;  they  are 
Keoerally  warm,  and  contain  but  little  solid  matter.  They  all 
disengage  nitrogen  on  their  emergence  from  the  soil.  Tlicy 
cotiuin  a  nilrogenized  organic  nntt^r  (baregino),  and  eome- 
tjmos  deposit  a  gelatinous  precipitate  (glairine). 

Celebrsted  springs  exist  in  the  Pyrenees  and  at  Bngn^rea- 
de-Luchon,  The  sulphur  springs  of  Sharon  and  Avon,  in  New 
York,  and  the  Red  and  White  Sulphur  Springs  of  Virginia 
ars  well  known. 

Acnilmiiil  taipkur  irater»  are  those  which  ore  formed  upon 
the  spot  by  the  redui-iion  of  sulphates,  and  partieularly  calcium 
sulphate,  containal  in  the  waters.  This  reduction  is  accom- 
pHiihcd  hy  the  aittion  of  organic  matters  which  impregnate  the 
soil,  and  of  which  the  combustible  elements,  carbon  and  hydro- 
gun,  remove  the  oxygon  of  the  sulphates.  It  is  thus  that  the 
"uljihiir  wattT  of  Enghien  is  formed  at  the  gates  ol'J'ari.'i. 

Thb  rt^markable  compound  was  discovered  by  Thenard  in 
1818.  It  is  formed  by  the  action  of  barium  dioxide  npon  di- 
lole  hydrochloric  acid.  Barium  dioxide,  powdered  and  made 
uto  a  fine  paste  with  water,  is  introduced  by  email  portions 
ato  cold  and  dilute  hydrochloric  acid.  It  dissolves  without 
'fiKDngement  of  gas,  yielding  barium  chloride  and  hydrogen 

BaO'       -f     2HC1      ^      BaCI'      +      H'O' 

IM«iB  ilhn1d>.    UfdrxUdrkriKKL    BuJua  ctilDridt.    Hj'drogcn  dloUdt. 
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The  barium  chloride  is  oonverted  into  salpbate,  which  ii 
insoluble,  by  the  cautious  addition  of  dilate  salphorio  acid,  tod 
at  the  same  time  hydrochloric  Acid  is  regenerated,  so  that  m 
additional  quantity  uf  barium  dioxide  may  be  added,  and  the 
operation  is  several  times  repeated. 

BaCP     +     IPSO     =     BaSO*    +     2Ha 

Sulphuric  acid.       Barittm  talphftte. 

The  barium  chloride  finally  remaining  in  solution  is  exactly 
precipitat<3d  by  a  solution  of  silver  sulphate,  and  the  hydrogen 
dioxide  poured  off  and  evaporated  in  vacuo. 

Pure  hydr()<ren  dioxide  is  a  syrupy,  colorless,  odorless  liquid, 
havin<;  a  density  of  1 .452.  It  is  very  unstable,  and  readily 
^ves  up  half  of  its  oxygen,  being  converted  into  wat^r.  This 
deeoni]H>sitioii  takes  place  with  a  brisk  efiervescence  when  the 
dioxide  la  heated  towards  lOO*' ;  it  is  also  produced  by  con- 
tact with  a  great  numl)er  of  l)odics,  some  of  which  are  them- 
selves unaltered,  some  oxidized,  and  others  even  reduced. 
Hence  hydrogen  dioxide  enters  into  three  classes  of  reactions. 

1 .  If  hydrogen  dioxide,  or  more  simply,  water  charged  with 
hydrogen  dioxide,  be  ])oured  into  a  test-tube  containing  man- 
ganes(^  dioxid(\  the  hydrogen  dioxide  is  instantly  reduced  with 
efferveseen(*e  into  water  and  oxygen.  Tlie  manganese  dioxide 
renuiins  unchanged.  Finely  divided  platinum,  gold,  silver,  and 
earl)on  net  in  the  .*4;une  manner. 

2.  Hydrogen  di(>xide  energetically  oxidizes  arsenic  and  sele- 
niuni  into  arsenic  and  selenic  acids.  It  converts  lead  sulphide 
into  sulphate. 

PbS     +     411-0*    =±^    PbSC)*    +     4HK) 

L^ad  Bulphiile.  Lcail  Aulphate. 

_^3.  Potassium  permanganate,  KMnO*,  is  a  salt  very  rich  itt 
oxygen  ;  it  dissj^ves  in  water,  forming  a  solution  having^i^li' 
intense  jmrple  efUw^  «4^' hydrogen  diMiidebe  add^  tMif^it'^T' 
ininiediatt^ly  reduee<l  and  decolorized.  The  oxygen  from  the 
deeom|>osition  of  the  hydrogen  dioxide  is  in  this  case  added  to 
that  from  the  reduction  of  the  permanganate,  and  both  are  dis- 
engaged in  the  free  st^ite. 

If  hydrogen  dioxide  be  added  to  a  solution  of  potassium  di- 
chromate,  the  latter  assumes  a  deep  blue  color,  but  this  rapidly^ 
disa])pears,  giving  j)lace  to  a  green  tint.  At  the  same  time  an 
evolution  of  oxygen  takes  place.  In  this  case  the  reaction  i» 
complex :   a  portion  of  the   hydrogen   dioxide   oxidiaes  th^ 
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tlironio  adii  fur  an  insLanl  into  lilui!  piin'lirumio  acid,  bul  tJ 
iimcr  U  in-'^tantly  reiluiW,  trilh  ilbscatnip-'iiieuL  of  oxygen,  I 
aonther  portion  "f  the  h^iirogcn  ilioxido,  wliioti  ut  itie 
[imc  losea  lulf  nf  its  iixygun. 

The  oxygon  gsw  litmralM  c<im(«  iJicn  m  tlip  jwtne  lime  f 
thp  pcrchromie  aeid  and  tho  hydrogen  dioxide,  botli  of  v 
are  Bajwremurated  with  oxygen,  nud  which  mutually  rediK 
eacli  other.  The  pcrchromie  &ci(l  formed  m:iy  hv  remo 
frum  the  artioD  of  ihe  cxcem  of  liydmgeu  dioxidi-  by  iiu 
dialtdy  a^lMing  the  liuuid  with  ether :  the  latttir  disnolves  tJ 
u'id  attd  usHuniCA  «  (larli-Dui^  <x>tiir. 

Tbii«  uxperinienta  of  ri'duction  arc  of  gruat  intereat,  i 
[wnuit  tif  but  unu  vxplanution.  Thp  fact  of  the  rcciproc 
nMlnction  of  two  Imdiu!  ench  siipprBaturalcd  with  oxygen  can 
sinly  bo  explainwl  Ijy  odmiltinc  ihnt  llu-  nxyfren  of  one  body 
piissMeefl  nn  nffinily  for  thiit  of  thf  other,  nnd  that  the  oxygen 
which  ia  »et  frc«  is  fonned  by  the  itnion  of  two  atoma,  one  from 
the  liydrof.'en  dioxide,  the  ollii.T  from  (ho  jiorchroniic  or  per- 
tuanganii!  add.  TIh'bi'  iwu  Htomn  unite  lo  furm  ji  molecule  of 
rjxygen  (K).  Tliia  would  reprefi-nt  oxygen  iti  the  free  st4il«, 
nnd  opcupy  two  voliimen.  It  wiiiilJ  lie  u 
we  here  enmnnter  Ibr  tlte  first  ti 
the  atoms  of  rirlntn  clomcnte  un 

Rale,  but  eomhined  in  paira,  c«'h  pnir  Iwing  held  together 
rhcmical  force.     Free  oxygen  would  then  bo  oiygen  oxid. 
romhination  i-f  two  atoms  of  oxygen,  both  togothrr  fonnin 
a  molwulc.  and  occnpying  two  volumes  like  the  molecule  o 


^^^b  ninleculv  a. 

^^■btle  the  mnl 
I    «BMr,  them  exists 


llv  of  aljgea 

the  mnleculur  Htruelure  c 


fren  oxygen  or  oxygon 
mtasiiro  tn  that  of  hydrogen  o 
thera  exists  a  jHtroxide  iif  i>xygen  whieh  correspinds  il 

to  hydngen  jnTOxidt ;  it  \n  ozone. 
HydiDBiB  iliutid* H.^>-0'U 

QUgVD  dl«li<!8  (OMOC)  o^V 
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Vapi-r  drnsiij  cumjiiirBd  lo  hydrogen    .     .     .     .     S2. 
Alomio  WBigbt  S =32. 

Sulphur  has  beeu  knotrn  rrom  the  greatest  anliijaity.  Il 
csiau  iu  cumbiDatiun  in  a  larj^e  uumber  of  sulpliides,  among 
whiuh  are  thoae  of  iron  and  copper  (pyrites),  of  lead  (pileni), 
bIoc  {blende),  meroary.  etc.  In  certain  volcanic  countries  il  is 
found  OD  thesurfuceorihe  earth  in  the  native  state.  Sicily  and 
Iceland  contain  lar^e  deposits  in  the  nei^ihbnrhnod  of  extind 
volcanoes  (solTatares).  In  order  lo  Rpparate  it  from  the  etniij 
matters  which  accompany  it.  it  is  subjected  in  Sicily  to  dtWilli' 
tioD  in  earthen  pots  (Fig.  32). 


These  ore  arranged  in  two  rows  in  furnacee,  and  coniniaua'^ 
by  lateral  tubulures  with  other  poLs  which  are  placed  oiltai* 
of  the  fiirnace,  and  in  which  the  sulphur  vapor  is  coodensei 

Crude  sulphur  is  thus  obtained ;  it  is  still  mixed  with  fbrap 
matters,  from  which  it  is  separated  by  a  new  distillation.  Ti^ 
operation,  which  is  called  refining,  S^Oonducted  in  iin  appanW 
represented  in  Fig.  3'i. 

A  horiaonlal  cast-iron  cylinder,  A,  receives  the  nelted  s"!" 
phur  from  the  vessel  C.  which  is  heated  by  the  waste  J^ 
from  the  furnace,  and  which  serves  as  a  reservoir.  Tbe  sulplil' 
vapor  enters  a  large  masonry  chamber.  B.  ihe  floor  of  ifhic^" 


alightlT  iDclined  in  tinier  that  the  oondensed  liijuid  Hulphur  nuy 
flfjw  low»rd8  n  tup,  H,  which  can  be  iipeoed  bb  Ik  nei'i^ssary.  A 
dumper.  R,  that  tun  bo  rtigulat«<l  by  un  artitulaicd  wiri%  per- 
mits Uie  closing  and  opening  of  the  mouth  of  the  uytinder. 
The  vault  of  the  chuuber  is  provided  with  a  Bufety-volve,  K, 
which  allows  of  the  escape  of  the  expanded  itir. 

At  the  commencement  of  the  operation,  when  the  wall§  of 
the  efaamber  are  cold,  the  aulphur  condeDaee  in  the  form  of  a. 
fine  powder,  which  is  known  as  Jioweri  of  sulphur.  But  when 
the  walls  of  the  chamber  betome  heated  above  the  melting- 
point  of  sulphur,  the  vapor  condenses  into  a  liquid,  and  on 
opening  tlie  tup  at  H,  it  \»  drawn  off  into  a  vessel,  E,  from 
wnich  it  is  diMtributed  into  slightly  conical  or  cylindrical  moulds, 
where  it  solidifice.     Roll  sulphur  is  thus  uLtjuned. 


Thysical  Properties. — .>iii]iiuir  1,-1  n  ii^mon-yellow  solid.  It 
1«  taatele.'is.  odorless,  and  briltie ;  it  is  a  non-conduetor  nf  heat 
«d  electricity.  A  stick  of  sulphur  presKcil  in  the  hand  or 
(ianeed  into  warm  vraler  produces  a  crackling  sound,  and 
bally  breaks  into  pieces ;  ibis  is  due  to  the  unequal  expan- 
itsb  &om  the  drcnmference  to  the  centre  of  the  non-condoct- 
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ing  mass  of  sulphur,  the  crystalline  particles  of  wliicli  are  but 
slightly  held  together  by  cohesion. 

The  density  of  sulphur  is  about  2.03.  At  111.5^  it  meltB 
into  a  brownish-yellow,  transparent  liquid.  If  this  liquid  be 
allowed  to  cool  slowly  until  a  crust  forms  upon  the  surfaoe, 
and  the  crust  be  pierced  and  the  part  still  remaining  liquid  be 
decanted,  after  removing  the  crust  the  interior  of  the  vessel  ia 
found  covered  with  long,  transparent,  flexible  needles  of  i 
brownish-yellow  color.  These  crystals  are  oblique-rhombie 
prisms  having  a  density  of  1.98.  This  is  not  the  only  ciystal- 
linc  form  assumed  by  sulphur.  If  a  solution  of  sulphur  in 
carbon  disulphide  be  allowed  to  evaporate  spontaneouslj, 
right-rhombic  octahedral  crystals  are  deposited  having  a  den- 
sity of  2.05.  This  form  is  also  that  of  native  crystallised 
sulphur. 

Sulphur  crystallizes,  then,  in  two  distinct  forms  belonging 
to  two  distinct  crystalline  systems.  It  is  dimorphous.  It  is  t 
curious  fact  that  the  prisms  formed  by  way  of  fusion  do  not 
long  retain  their  transparence  and  their  flexibility.  When  aban- 
doned for  some  time  to  ordinary  temperatures,  they  become 
opaque  and  brittle.  They  are  then  found  to  be  traversed 
by  a  multitude  of  planes  of  cleavage,  which  are  the  faces  of 
microscopic  octahedra  similar  to  those  obtained  by  way  of 
solution. 

Reciprocally,  the  transparent  octahedral  crystals  become 
opaque  when  maintained  for  some  time  at  a  temperature  of 
111°  ;  they  arc  then  transformed  into  a  multitude  of  little 
crystals  of  prismatic  sulphur.  It  is  seen  that  the  two  ciystJ- 
line  modifications  of  sulphur  can  be  transformed  into  eadi 
other.     It  is  a  curious  instance  of  dimorphism. 

Sulphur  melted  in  a  sealed  tube  will  remain  liquid  for  » 
long  time  at  temperatures  below  its  ordinary  point  of  solidifi' 
cation  ;  it  is  then  said  to  be  in  a  state  of  superfusion.  When 
it  finally  solidifies,  it  crystallizes  in  voluminous  octahedra 
having  the  form  of  crystallized  native  sulphur. 

There  are  other  and  amorphous  modifications  of  sulphur. 

Experiment. — If  sulphur  be  melted  in  a  flask,  and  the  tem- 
perature be  gradually  raised  above  its  point  of  fusion,  it  assumes 
a  thick  consistence  and  a  dark  color.  At  220^  it  has  a  browtt- 
red  color  and  is  very  thick.  Above  260*^  it  again  beoom^ 
fluid  ;  if  while  in  this  state  it  be  poured  into  cold  water,  it  |S 
converted  into  a  soft,  transparent,  brownish-yellow,  and  daatitf 
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IDMS.     It  has  become  amorphoua,  and  is  now  »oJi  ttUphvr. 
Wlii-n  ubuadoiied  to  iwclf  for  Hcvenil  diiys,  it  liurduns,  becomea 
c){>ai|ne,  iutd   ivoBsuiues  ihc  prupiTtira  »f  onlinory  Hul{ihiir. 
Tlii*  oluu^  tAua  i)iw!0  immodiatcly  if'  Uiu  soft  eulpUur  bd>1 
hiiattnl  to  9U  ur  95°  ;  ia  then  acroinptuiied  by  a  ttensilile  (iiittiii-.J 

Tbcre  wc  two  modifi««i.JUfi  of  soft  siiljihiir.  If  it  be  trtuttil 
wiih  carbon  (liBtilphido,  a  pure  iif  li  is  Jinsolvwl,  and  a  naidue 
reiDHinn,  The  soluble  part  cunetilutt«  sulublo  wtt.  sulphur; 
the  n^idue  i»  ins-iliibb'  »»ft  sulplut  ((.'b.  SHinlo-Clairo  Devillc). 
In  ri.-cvutlv-siibliitii>d  fluvfcra  uf  nulphur  the  sulphur  oxtste  in 
I  be  tiiuorphouB  conditiou. 

The  ovt*bedrut,  prismatic,  and  amorphous  vurietiea  are  dia- 
liiigaisbed  as  a,  j!  and  y  sulphur. 

Sulphur  txiiU  nt  '140°  ;  its  vapor  is  khI.     At  nMi°  it  has 
di'twily  of  «.l!a4  (Duium).     Timnrds  Ullllj''  iis  density  ix  o%  j 
bIhiuI  iinMhird  nH  grtatt.     Ainxirding  to  l[.  Pevilto  and  Troost, 
the  vapnr  dpiwity  of  sulpliur,  determined  at  800°  and  rcduind 
by  calculation  to  0°,  is  i.'i'Z.     ConipiiriMl  tii  hydrogen,  this 
density  is  eijual  to  32.  whith  is  the  nonmil  deiiBity  of  aulphiir 
rapor,  and  (-ivoa  iw  atoiniy  wiiight.     If  I  Tolume  of  hydrogen 
weiffha  I,  1   volume  of  sulphur  vapor  weighs  'S'2;  the  latter- 
%ui«  is  tbt^reforu  thu  atJimii'  weight  of  sulphur.  I 

But  at  a  tt^mperature  a  little  sIkitc  its  point  of  ebulliUoii  i 
the  vapir  density  of  suljOiur  ia  6.6,  or  three  times  greater  than  I 
at  860°  ;  this  is  accounted  for  by  tlie  fact  that  sulphur  does  not  J 
laiuBie  the  true  (;aatK>uB  state  below  a  temperature  of  8C0°.        I 

Snlphnr  ih  insoluble  in  water,  but  very  slightly  soluble  in  1 
bit,  H  little  more  soluble  in  ether  und  benaiiie.  Ita  beat  \ 
ml  is  carhoD  disulphidi', 

1  PropertiM. — Sulphur  possesses  eneivetie  nffim-  ' 
iMinbiues  direelJy  with  u.  ^<mt  number  of  tlie  other  J 
[t  Lt  wi:ll  Icnown  that  it  is  eombuatible,  bttruLiig] 
with  a  blue  flaiue.     Its  eonibustion  in  air  "r  osygcii  pri>duo«i  J 
sulphunius  oxide  r 

hultibur  eombinet^  directly  with  chlorine,  bromine,  iodine, 
phoanhonia,  arsenic,  and  carbon,  and  with  very  many  of  thu 
tnctok.  Iron  and  eoppor  burn  in  llie  vapor  of  uilphur.  The 
suJphidcs  thus  formed  generally  put^eMi  the  atomie  eonxtitution 
of  tbo  corresponding  oxides,  Thus,  the  eompound  of  sulphur 
aad  carbon,  (wbon  disulphide.  iri  unido^iiui  to  carbonic  acid 
gaa.     This  aoaJt^  ia  maintained  between  n  great  number  of 
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oxygen  and  Bulphur  compoonds,  as  will  be  seen  by  Uie  foDcr- 
ing  examples : 


B'S  bjdrogen  tnlpbide. 
KOH  potusium  hydrmlc. 
'"■"  -  -  -■    -  Fulphjdral 


IPO  pi 


lids. 


K'n  puUHium  mi 

BiS  bmiinm  moiuMalphids. 
K'CO)  potuaiam  iwrbonati. 
R*CS*  poUtulum  galpboevtmale. 


K'H  puUMium  moniMalpbids. 

ksii 

CO'ci 

CS*  i»rbDD  disulpbide. 

SULPHYDRIC  ACID,  OR  HYDROGEN  8ULPHIDR 

Deniiit7  cnntpnrcd  to  lir I.III 

Denfily  compared  In  hydrogen IT. 

Molecular  wei|{fat  IPS —  34. 

This  pas.  known  aino  aa  sulphuretted  hydrogen,  was  diaooT- 
ercd  by  Meyi-r  tin<l  lUiuclle,  and  studied  by  Scheele,  in  1777. 
and  by  Berthollct. 

Freparatiou. — Hydrogen   sulpliide  may   be  prepared  1? 


gently  heating  antimony  irisulphide  in  a  flask  with  hydrodik> 
no  acid  (Fig.  34).    The  gas  ia  first  passed  through  a  mdi 


>r,  aDci  ni!(^  theu  b«  collected 
(  ifl  eipreascd  by  the  foUowi 
^        2SbCl'     4- 


bottlc,  B,  coDtAioing  h  JitiJe  wat 
nfpT  the  pncamiitir  trnTijth, 

Tbc  ronclioD  which  lAkea  pliu> 
cqaalioD ' 

Sb*s*      -f-      cnci 

AnilmoDl'  CfluiliAlit*.       IljilraclilurJc  hfI 

The   pia  U  genemllj  prfpured  in   the  lalioralitry  by  1 
rvactiun  nf  dilii>«  tinlpliurio  rtcid  with  ferrous  Bulnbidu.     " 
operation  rt^ijuircs  do  heat,  and  ihu  rciiclion  is  us  ji>llowa: 
Fri<         +       n-SO*       =        F«SO*       +      H'S 

Aa  hydruj^en  milphtilo  is  iaiT?!!y  used  in  the  laboratory,  1 
Appamitu  reprfttentcd  iii  I-'i^.  35  \a  conveniont  for  its  ready 
prodoctiuo.     It  b  compiised  of  two  lar^o  bottles,  of  which  ihi; 


Fio.  i:,. 


lower  apcrtarcfl  are  connected  by  a  lar^  caoutchouc  tube.  In 
on«  uf  iheee  hottlti)  is  placed  a  layer  of  broken  glass  or  coke, 
which  is  not  attacked  by  sulphurio  utid ;  upou  this  is  jilaced 
llii-  ftmiUB  nulpliiUi'  in  frainuenta.  The  ni-ck  of  this  bortle  is 
cl(>w>d  by  &  ctirk.  through  wbieh  |HuaeiJ  a  gliu>A  tube  bonring  a 
■top-wn-'li.  The  suL-onii  tmllle  ia  nearly  filled  with  dilut*.'  sul- 
phitrir  aM.  The  BtojuMck  of  the  first  bcrt.tiu  Leinp  opened, 
iW  iKilphurie  m-id  enten  until  it  siltuiriii  lbi>  Hiitiie  level  in  both 
bollltw,  nnd  an  aoan  an  it  n^uebes  tbe  t'cTrniui  sulphide  (be  T(au> 

■Jii^iwaiMiiw  ■■ili.lM«tr.«in«i^ia.  » Ji«»«ni«l.    Iftb. 
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stop-cock  be  closed,  the  continued  evolution  of  gas  driycB  tl 
liquid  back  into  the  second  bottle,  until  the  disengagemeDt  < 
guA  coiisos,  which  takes  place  aa  soon  as  the  sulphuric  add  i 
lon;^or  touches  the  ferrous  sulphide.  The  first  bottle  ih 
Herves  im  a  resi^rvoir  of  hydro^n  sulphide,  containing  the  g 
uikUt  !i  pressure  floater  than  that  of  the  atmosphere,  u 
wliich  can  be  increased  by  elevating  the  second  bottle.  ] 
ord(T  to  obtain  a  ciirr^'nt  of  the  gas,  it  is  sufficient  to  open  tl 
stoj)-roik.  and  tho  flow  can  be  regulated  at  will. 

Physical  Properties. — Hydrogen  sulphide  is  a  eoloricasgi 
It  has  a  jH'iu^tratinu:  odor  of  putrid  eggs.  Under  a  preBsnreo 
17  atnios|»h(Tes.  it  (ronden*<o.s  to  a  transparent,  stron^j  refiic 
inir  liquid,  iiavin^  a  d:'nsity  of  about  0.1)1.  At  — -iJ5.5®  thi 
li(|uid  soUditii's  to  a  white  crystalline  mass  (Faraday).  Hjdrc 
gen  suljihidi*  is  soluble  in  water.  At  U^,  one  volume  of  wit€ 
dissolves  4.157  volumes;  at  lU^,  3.58  volumes;  and  at  20° 
2.!M)  volunK^s. 

Composition. — 2  volumes  of  hydrogen  sulphide  contain  I 
voliinu's  of  hydrogi'H  and  1  volume  of  sulphur  vapor. 

If  a  given  volume  of  this  gas  be  introduced  into  a  bent  tub* 
over  menniy  (  Fig.  22),  and  a  morsel  of  tin  be  then  introduced 
and  lieattMl  {or  about  twenty  minutes,  the  hydrogen  sulphide i^ 
deeonqiosed  :  tlie  sulphur  <oml)ines  with  the  tin,  and  the  bj- 
(in)L'en  is  set  free.  AfU*r  eooling,  the  latter  gas  occupias  i 
Volume  exactly  equal  to  that  of  the  hydrogen  sulphide  at  fir^ 
containe<l. 

If,  then,  from  the  VAi>or  donnitj  of  hydrogen  snlphlde  >»  IT 
we  sulitrnct  the  <lcn.xity  of  hydrogen sm    1 

we  find  tlic  nuniher 16 

which  reprusonts  h:i1f  the  dent>ity  of  sulphar  rapor. 

It  is  hence  concluded  that  one  volume  of  hydrogen  solpbi* 
ccmtains  half  a  volume  of  sulphur  vapor  to  one  volume  of  ^J 
droir«'n. 

It  is  also  seen  that  hydrogen  sulphide  has  exactly  the»>'' 
chemical  constitution  as  vapor  of  water. 

II^O  ..-.  2  vohimes  or  one  moh?eule  of  vapor  of  water. 

II'S     -  2  vohini  's  or  onc^  molecule  of  hydrogen  sulphide. 

The  analoiry  lictween  sulphur  and  oxygen  is  here  manifesto 
in  a  striking  manner.  One  atom  of  each  of  these  demeat 
requires  twi>  atoms  of  hydrogen.  This  is  expressed  by  say*** 
that  both  oxygen  and  sulphur  are  <h' atomic  elementa. 


Chemical  Properties. — li^Jrogen  Milphide  is  combu^tihle, 
burning  with  a  bluish  flame.  The  products  of  its  complete 
combustion  are  water  and  sulphurous  oxide.  When  mixed 
with  one  and  a  half  times  its  volume  of  oxygen,  it  explodes  on 
the  application  of  a  flame  or  the  passage  of  an  electric  spark. 

H'S      +      (y      =      SO'      +      H'O 

Two  Tolamea.    Thre«  volumes.    Two  Tulumes.        Two  Tolumos. 

When  the  supply  of  oxygen  is  insufficient,  the  combustion 
is  incomplete  and  sulphur  is  deposited. 

In  the  presence  of  water,  this  oxidation  takes  place  at  ordi- 
nary temperatures,  occasioning  a  deposit  of  sulphur.  In  the 
presence  of  moisture  and  porous  matters  it  goes  further,  sul- 
phuric add  being  formed. 

Hydrogen  sulphide  has  a  feeble  acid  reaction;  it  changes 
blue  litmus  to  a  wine-red  color.  When  it  reacts  with  potassium 
hydrate,  water  and  potassium  sulphydrate  are  formed. 

Hjdn^u  salfriiide.    PotaMfum  hjdrate.    Potassium  stilpbydiute. 

Chlorine,  bromine,  and  iodine  decompose  hydrogen  sulphide, 
combining  with  its  hydrogen.  When  these  bodies  are  dry,  the 
action  is  energetic,  and  the  sulphur  combines  with  the  excess 
of  the  element  employed.  If  water  be  present,  the  sulphur 
is  set  at  liberty. 
Bodies  rich  in  oxygen  readily  decompose  hydrogen  sulphide. 
Experiments. — 1.  If  a  few  drops  of  the  strongest  nitric  acid 
be  poured  into  a  jar  filled  with  hydrogen  sulphide,  the  gas  is 
inatantly  inflamed.  The  nitric  acid  gives  up  oxygen,  water  is 
fomed,  sulphur  is  set  free,  and  abundant  red  fumes  appear  at 
tKe  same  time. 

2.  Kfour  volumes  of  hydrogen  sulphide  be  mixed  with  two 
volumes  of  sulphurous  oxide  over  the  mercury-trough,  a  deposit 
of  sulphur  is  at  once  formed. 

2H»S        +        S0»    =    2H«0     +     3S 

Hydrogen  snlphlde.      Salphnroas  oxide.         Water.  Sulphur. 

(4  Tolumes.)  (2  Tolume«.) 

Hydrogen  sulphide  decomposes  a  great  number  of  metallic 
solutions,  forming  insoluble  sulphides,  which  are  precipitated. 

Eweriments, — 1.  If  a  solution  of  hydrogen  sulphide  be 
*ddea  to  a  solution  of  blue  vitriol  or  cupric  sulphate,  a  brown 
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precipitate  of  cupric  sulphide  is  formecL     The  reaction  u 
expressed  by  the  following  equation : 

CuSO*    +     H*S    =    CuS    +     H»SO 

Cupric  sulphate.  Cupric  sulphide.    Salpbaric  acid. 

2.  By  an  analogous  reaction,  a  solution  of  plumbic  acetate, 
or  a  paper  impregnated  with  that  salt,  is  at  once  blackened  by 
the  presence  of  hydrogen  sulphide. 

Hydrogen  sidphide  acts  as  a  poison  if  inhaled  in  lai^ 
quantities  or  for  any  length  of  time. 


/ 


HYDROGEN   PERSULPHIDE. 


This  compound,  discovered  by  Thenard,  is  analogous  to  hy- 
drogen ^dioxide.  It  is  prepared  by  pouring,  drop  by  drop, » 
solution  of  calcium  disulphide  into  dilute  hydrochloric  add. 

CaS^      +       2HC1      =      CaCP      +       H*S« 

Calcium  disulphide.    Hydrochluric  acid.     Calcium  chloride.    Hjdrogen  dlsnlpbidc- 

Hydrogen  disulphide  is  formed  and  collects  at  the  bottom 
of  the  ves^sel  in  the  form  of  a  yellowish  oil,  having  a  disa- 
greeable, irritating  odor.  Towards  GO  or  70°  it  decompoeefi 
rapidly  into  hydrogen  sulphide  and  sulphur. 

n^s^  =  H^s  +  s 

This  decomposition  takes  place  slowly  at  ordinary  tempera- 
tures. 

Hofmann  attributes  to  this  body  the  formula  H*S'.  He  h«* 
obtained  a  compound  of  this  sulphide  with  an  alkaloid,  8tiye»' 
nine,  the  analysis  of  which  has  led  him  to  conclude  that  there 
arc  three  atoms  of  sulphur  in  a  molecule  of  the  persulphide  oi 
hydrogen. 

OXYGEN  ACIDS  OF  SULPHUR. 

1.  Sulphur  furnis  three  compounds  with  oxygen: 

o  1  t  -1      a/^2  f  sulphurous  anhydride  or 

Sulphurous    oxide    SO']      .iu,ph„  dioxik 

Oil.  .1       c^i^^  \  suh)hurio    anhydride  or 

Sulphuric      oxide      l^U  -,  i  i,      x  •  l-j 

^  (      sulphur  tnoxide. 

T>       II.-        •  1    02/  \7  \  recently    discoyered    by 
Persulphunc  oxide  S^O^  ^^      Berthelot 
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2.  By  combining  with  a  molecule  of  water,  these  oxides  are 
converted  into  the  corresponding  acids. 

SO*  +  H'O  =  H*S(y  sulphurous  acid. 
S0»  +  H'O  =  IPSO  sulphuric  acid. 

3.  There  are  two  other  important  acids  of  sulphur,  hypo- 
sulphurous  and  hyposulphuric  acids.  The  former  may  be  con- 
sidered as  sulpho-sulphuric  acid,  that  is,  sulphuric  acid  in 
which  1  atom  of  oxygen  is  replaced  by  an  atom  of  sulphur. 

H*SO*  sulphuric  acid. 

H*(S(yjS  sulphoHSulphuric  or  hyposulphurous  acid. 

Hyposulphuric  acid  may  be  considered  as  resulting  from  the 
addition  of  sulphurous  oxide  to  sulphuric  acid. 

SO*  +  H'SO*  =  H'S'O  hyposulphuric  acid. 

4.  These  are  not  the  only  known  sulphur  acids. 
Hyposulphuric  acid,  which  is  called  also  dithionic  acid,  is 

the  first  of  a  series  of  acids,  each  of  which  contains  2  atomsr  of 
hydrogen  and  6  atoms  of  oxygen,  the  number  of  sulphur  atoms 
regularly  increasing.  This  series  is  called  the  thtonic  series. 
The  following  is  the  nomenclature  and  composition  of  the 
adds: 

H*S'0*  dithionic,  hyposulphuric  acid. 

H'S'O*  trithionic  acid. 

H*S*0*  tetrathionic  acid. 

H'S*0*  pentathionic  acid. 

5.  Schiitzenberger  has  recently  made  known  a  new  sulphur 
ttid,  which  he  has  named  hydrosulphurous  acid,  and  which  is 
fonned  by  the  action  of  zinc  upon  sulphurous  acid,  as  will  be 
described  farther  on.  The  composition  of  this  acid  is  repre- 
wnted  by  the  formula 

H^SO'. 

There  is  an  interesting  relation  between  this  acid  and  sul- 
phurous and  sulphuric  acids. 

H^SO*  hydrosulphurous  acid. 

H^SO*  sulphurous  acid  (not  yet  isolated). 

H*SO*  ^phuric  acid. 

^  SULPHUROUS   OXIDE. 

Density  oaa^pwed  to  air 2.234 

Densitj  otfiftpared  to  hydrogen 32. 

Molecolnr  Wtll^t  SO^ =>64. 

«  9 
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Sulphurous  oxide  or  Bulphuroua  arid  gaa  may  be  prcptred 
by  decomposing  sulphuric  a<-id  with  copper.  The  motal  ui 
email  clippings  and  the  ncid  arc  iolroducad  into  a  flank  fitud 


with  a  delivery-tube  (F'v^.  36) ;  he^t  is  applied  and  the  git 
collected  ovpr  the  nieri'ury-troiif,'h.  The  reaction  which  (•«• 
place  is  expressed  by  the  following  e^iuation  : 

Cu     +     2H'.S0*    ^    CuSO*    +     2H*0    +    80" 

Capper.         Sulplmrlc  Kid.       Ciiprlc  •□Iplulc. 

A  euhitton  nf  eulpburons  acid  in  water  is  often  needed  IB 
the  laboratory.  It  may  be  conveniently  prepared  by  wdaoig 
sulphurie  aeid  by  t-hHrwiBJ ;  the  products  of  the  reaction  m 
water,  and  sulphurouH  and  carbonic  acid  gases. 

2H"S0«    +    0    =    2H'0     -f     280'     -f     00* 

Bulpburtc  tcld.  Gutnn  OmW^ 

The  mixed  put  is  passed  through  a  series  of  bottles  contut" 
ing  water,  which  disHi)lvea  the  HulphuroiM  oxide,  but  taktfOf 
only  an  infiignilieaut  quiiniity  of  the  carlion  dioxtdo. 

Physical  Froperties, — Sulphur  dioxide  is  a  colorlcM  P* 
having  a.  (luugent,  suffipculing  mior.  If  is  readily  liquefied  Iff 
being  led  into  a  vessel  surrounded  by  a  mixture  of  ice  nod  (lit- 
It  condenses  at  ordinary  temperatures,  under  a  pressure  rf 
about  two  atmospbereu.  The  liquid  has  a  density  of  1.45;  il 
boils  at  — 10",  and  produtcs  great  cold  by  its  evaporation;  "■ 
this  account  it  is  used  for  the  manufacture  of  ice,  and  in  irfbsr 
cases  where  intense  cold  is  required.     — 73°  may  be  obtain*" 


sntparRors  < 


sulphiiritus  scid  HJdiKl  by  d 

I'  Bolphuro 


bj  dw  evapontion  of  liquid  i 

KK  pumps  (Baoal  PicU<l). 
«ter  at  0°  diflsolvea  ''3.9  tim«i  ita  voluiuo  < 
i,  and  only  39,4  voluniea  at  20". 
^/icrintetiti. — 1.  U'a  wuali  i|Uiiiitity  of  niiTciiry  c 
puroulain  wipaiile  be  wivered  witli  a  deep  luyer  of  li({iiid 
HulphuruuH  oxidr,  and  lhi>  ovujiorutioii  uf  the  lalttT  bo  favurwi 
by  liifwtiwg  a  rapid  i'lurenl  of  air  over  il«  aurfniit,  the  mercury 
is  froKMi  int4>  u  H>lid  IrattoD. 

'i.  Wheu  liquid  aul|ihun)tia  acid  \b  puurcd  intv  not  loo  g 
a  tguantily  iif  wntt^r,  a  [lart  of  it  u  di&sulvcd,  but  llic  vxct 
ahwirhs  hral  from  the  ma**  of  liquid,  volatiliaoa  suddenly,  i 
tlio  water  ii  frozen, 

Chemical  Propertiet. — Sulphurous  oxide  is  not  dccoi 
posed  by  hi?at.  It  i»  incombuHlible.  and  cstiuguuihefl  buTDUi 
bodies, 

Iw  aiosl  Btrikiuir  properly  is  Us  affinity  lor  osygen. 
mixiure  of  (wu  vuluui(»  of  oiilphurouB  oxide  and  one  volume 
of  uxypMi  hc'  pattsod  (lirough  a  tulie  iHiutubiug  itligbtly  healed 
t>puMgy  platinuui,  tlio  two  gaaes  vumbine,  furmjiig  aulphurii; 
oxide  (Kufaluiann). 

A  tuitnrion  of  eulphuroua  oxide  in  water  slowly  ahsorbB  oxy- 
gen, and  is  converted  into  sulphuric  acid.     It  luay  1k>  adtuitted 
that  t)iu  aqUfwuB  solution  contains  the  veritable  sulphurous  acid. 
H'SO-       +       0     =      IPSO' 


At 


Sulphuniiis  acid  reduws  a  prcat  number  of  oxidised  boi 
inary  leniprratures  it  lakes  the  oxygen  from  iodic  ( 


U. 


M'ttinf;  free  the  iodine;  but  the  Inlter  disappears  on  tlie  addi- 
tion vf  an  cxecas  of  sulphurous  acid,  sulphuric  and  hydriodio 
acids  being  formed. 

H'SO"  -f  H'O  +V=  U'SO*  -I-  2in 
Ii  dt'ouloriEes  the  purpio  solutioa  uf  potassium  permar 
f-irmliiL!  maupuii«i«  sulphate  and  polnfisium  itutpbatc. 
vi-rtd  atst^nic  acid  into  arst'nions  aeid.     It  combines  direct 
with  lead  dioxJdD,  forming  lend  sulphate. 
PbC     -f     SO'     =     PbSO* 


>  will  uniti!  diroclly  wiih  sulphurous  oxide.     If  n 
( jQi^jsi  rolumea  of  ehlorinc  and  sulphurous  oxide  be 
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exposed  to  sunlight,  the  two  gases  oombine,  forming  a  liquid 
having  a  suffocating  odor.  It  is  suiphuryl  chhrtde.  Its  aes^ 
sity  is  1.66,  and  its  boiling-point  is  77^.  It  may  be  r^arded 
as  sulphur  trioxide  in  which  one  atom  of  oxygen  is  replaced 
by  two  atoms  of  chlorine. 

SO'  =  (SO'  )"0  sulphuryl  oxide  or  sulphuric  oxide. 
SO'CP  =  (SO'/'CP  sulphuryl  chloride. 

In  these  reactions  in  which  the  sulphurous  oxide  combines 
directly  with  either  one  atom  of  oxygen  or  two  atoms  of  chlorine, 
it  plays  the  part  of  an  clement ;  it  is  a  compound  radicaly  and 
thi8  radical  is  diutomw,  because  it  unites  with  two  atoms  of  tlie 
monatomic  element  chlorine,  or  with  one  atom  of  the  diatomic 
clement  oxygen,  which  is  equivalent  to  two  atoms  of  chlorine. 

In  the  formulae  given,  the  diatomicity  is  expressed  by  the 
accents  ". 

Sulphurous  acid  bleaches  various  vegetable  and  animal  mat- 
ters. A  b()U(juet  of  violets  or  a  rose  is  bleached  in  a  few  minutes 
by  a  solution  of  sulphurous  oxide. 

Sulphurous  oxide  is  employed  in  the  arts  to  bleach  wool. 

HYDllO-SULPHUROUS  ACID. 

H»SO« 

While  sulphurous  acid  reduces  a  number  of  bodies,  it  is  id 
its  turn  reduced  by  the  action  of  zinc  upon  its  aqueous  solution. 
A  yellow  liquid  is  thus  obtained  which  energetically  bleaches 
indigo  and  litmus  solutions  (Schonbein).  Scniitzenberger  has 
shown  that  the  liquid  jritU»d  with  these  properties  contains  the 
zinc  salt  of  a  new  acid,  which  he  hiis  named  hj/dromilphuro^ 
This  acid  Is  formed  by  the  combination  of  hydrogen  with  sair 
phurous  oxide.  The  reaction  is  expressed  by  the  following 
equations : 

ir-SO^       +       Zn     =     ZnSO'     +     H« 

SulphuroiM  acid.  Zinc.  Zinc  sulphite. 

SO^      -f      H^      =      H'SO* 

Sulphurous  oxide.  Ilydrosulpharoiit  ackl. 

When  this  liquid  is  treated  with  very  dilute  sulphuric  acid? 
it  gives  a  liquor  of  a  dark  oran<re-yellow  color,  having  ene^ 
getic  bleaching  powers.  It  then  contains  hydrosulpnuroi^ 
acid.     It  soon  becomes  clouded  and  de}>osits  sulphur.    T^^ 


:    SVLpntTKIL'  OXIUK. 

I  is  not  stiible,  bat  its  acid  eodi  um  salt  U  more  so ;  the  lat 
Ihe  ooropmiilion  NaliSO'.    Il  rtwdily  abwirbs  oxygen  fro 


Vair,  being  vun  verted  into  oodiu 
NaHSO*  +  0  = 


uuid  sulpbiti 
NaBSO' 


.a  oiidhtiori  is  also  brought  ahuut  by  the  presence  of  o 
tain  Qietallie  Balt«.  snub  as  thoHe  »!'  cupper,  meruiiry,  and  It 
lu  tlkU  i-ase  the  met*!  is  reduced  aud  precipitated,  and  t 
hyJrutiulphite  is  dei-ooipused,  yiuMia^  sulpburouH  oxide. 


rBodinm  acid  hy<]p)sulphit«  may  be  obtained  by  the  elec 
lyns  of  a  snlnn'on  of  sodium  acid  snlphite.     In  thf 
hydrogen,  which  wnald  otherwise  be  disengaged  at  tl 
pole,  accomplishes  the  reducliou. 

NiiHSt)"  -f  H'  1=  NaHSO*  +  H'O 


LPHUR  TRIOXIDE,  OR  SULPHURIC   OXIDE. 

(SULPHmilC   ANIIVIiltlDB.) 


MoltetiUt  wprghl  F<| 


olpKur  trioxide  ia  fonned  by  Uie  union  of  oxygen  with  « 

rona  oside  in  the  presence  of  finidy-divided  plutiiium. 

I  is  prepared  hy  gently  heating  filming  wulphurje  acid 
t ;  vaporw  nre  given  off  which,  when  eoiideiided  in  « 
r  FUTTOiinded  hy  a  freezing  mixture,  solidify  into  a  n 

I,  having  a  Rbrouii  nppcurunee  and  a  silky  histro. 
"SolphiiT  trioxide  Imila  at  u  temperature  between  30  oud  SS*." 
At  nnlinnry  l«;nii>eratiircs  it  pn)(]uces  whito  fumes  in  tht^  air 
by  condi-mnng  ihn  ntmospherio  moLiture.  Ita  must  striking 
prop^y  i"  its  afhnity  for  naUr ;  when  tbroim  into  thnt  liquid, 


inity  for  n 
1  liereinies  Imlnitod  witli  such  energy  that  i 
suddenly  vaporized,  and  a  hissing  ni 
1}  that  heani  on  plunging  a  red-hot  ire 
uric  aeid  is  formed  by  the  reaction. 

SO*  +  H'O  ^  H'SO* 


,  ol't! 
se  is  produM 
I  into  watei. 


102  ELEMENTS  Or  MODERN  CHIMISTRT. 


SULPHURIC  ACID. 

Molecular  weight  2q>S0« —•S. 

This  acid,  which  has  been  known  for  centuries,  was  formerly 
obtained  by  the  distillation  of  ferrous  sulphate.  Large  quan- 
tities of  it  are  now  consumed  in  the  arts,  and  it  is  manufac- 
tured in  extensive  apparatus  known  as  leaden  chambers.  Sul- 
phurous oxide  is  conducted  into  these  chambers,  where  it 
meets  with  nitric  acid,  by  which  it  is  oxidized. 

SO''    +     2HN(y    =    H«SO*    +    2N0» 

Nitric  acid.  Nitrogen  pnozide. 

The  products  of  the  first  reaction  are  sulphuric  add  and 
nitrogen  peroxide  (red  vapors) ;  but  the  latter  is  decomposed 
by  steam,  which  is  injected  into  the  chamber;  nitric  add  is 
regenerated  and  nitrogen  dioxide  is  formed. 

3N0^    +    ffO    =    2HN0'    +    NO 

Nitrogen  peroxide.  Nitrogen  dioxide. 

But  the  nitrogen  dioxide  is  not  lost ;  it  combines  with  the 
oxygen  of  the  air  contained  in  the  chamber,  and  is  reconvert^ 
into  nitrogen  peroxide. 

NO  +  0  =  NO* 

The  latter  is  again  decomposed  into  nitric  acid  and  nitiog^^ 
dioxide  by  the  action  of  water,  and  the  sulphurous  oxide  wbicl» 
continually  arrives  in  the  chamber  always  encounters  nitx^^ 
acid,  by  which  it  is  converted  into  sulphuric  acid.  It  is  * 
continuous  operation,  which  theoretically  leaves  no  residU'*' 
and  permits  of  the  conversion  of  an  indefinite  amount  of  s«*^' 
phurous  oxide  into  sulphuric  acid. 

It  is  really  the  oxygen  of  the  air,  continually  absorbed  a*>*^ 
given  up  by  the  nitrogen  dioxide,  which  effects  the  oxidati^^ 
of  the  sulphurous  oxide ;  the  nitric  acid  is  the  direct  agei^^' 
and  the  nitrogen  dioxide  is  intermediate,  for  it  is  the  ydad^ 
for  the  transfer  of  the  oxygen. 

Fig.  37  represents  a  section  of  a  series  of  leaden  chamb^^ 
for  the  manufiicture  of  sulphuric  acid. 

Sulphur  is  burned  in  two  furnaces,  AA,  and  the  heat  g©^'' 
crated  is  employed  to  boil  the  water  contained  in  the  bofl^^ 
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above  the  flame,  the  steam  being  distributed  to  the  chambers 
by  the  pipes  c  d.     The  sulphurous  oxide,  together  with  a 
great  excess  of  air,  passes  through  the  pipes  BB  into  a  leaden 
drum,  C.     A  thin  layer  of  sulphuric  acid  charged  with  nitrous 
products  trickles  over  the  inclined  shelves  in  the  drum.     The 
gases  pass  first  into  the  chamber  C,  then  into  D,  where  they 
meet  with  nitric  acid,  which  falls  in  thin  layers  over  a  double 
cascade,  £E,  in  such  a  manner  as  to  present  a  large  surface  for 
the  action  of  the  sulphurous  oxide.     The  sulphuric  acid  which 
is  formed  in  this  chamber  is  charged  with  nitrous  products ;  it 
is  therefore  allowed  to  flow  by  the  inclined  tube  F  into  the 
chamber  C,  where  it  encounters  an  excess  of  sulphurous  oxide, 
and  which  is  called  the  denitrifier.     The  sulphurous  oxide,  the 
excess  of  air,  and  the  nitrogen  peroxide  pass  from  D  into  the 
large  chamber  HH,  into  which  steam  is  projected  by  several 
jets.     Here  the  larger  portion  of  the  sulphuric  acid  is  pro- 
duced, and  the  reaction  is  completed  in  another  chamber.    In 
the  engraving  the  last  two  chambers  are  not  fully  represented. 
The  gases  from  the  last  chamber  enter  a  refrigerator,  in  which 
the  condensation  takes  place ;  they  are  lastly  conducted  into  a 
leaden  column,  R,  filled  with  coke  which  is  kept  saturated 
with  sulphuric  acid  by  a  thin  stream  from  the  reservoir  0. 
This  acid  completely  absorbs  the  nitrogen  dioxide,  and  descends 
by  the  tube  ha  into  the  reservoir  i,  situated  near  the  furnace. 
As  soon  as  this  reservoir  is  full,  the  stop-cock  r  is  closed,  and 
/  is  opened ;  the  pressure  of  the  steam  then  forces  the  acid 
up  into  the  reservoir  y,  which  feeds  the  first  drum.     The  gas 
which  escapes  from  the  last  column,  which  is  known  as  Q^f 
Lussac's  column,  consists  of  nitrogen  charged  with  an  insig- 
nificant quantity  of  nitrous  products. 

The  acid  which  is  drawn  from  the  chambers  is  not  suffi- 
ciently concentrated,  having  a  density  of  only  about  1.5.  1* 
is  first  evaporated  in  lead(m  vessels  until  it  becomes  strong 
enough  to  act  upon  the  lead,  and  the  concentration  is  then  fin- 
ished in  large  platinum  retorts.  The  excess  of  water  is  thus 
driven  out.  The  concentrated  acid  possesses  a  density  ^^ 
1.842. 

In  many  manufactories  pyrites  is  burned  instead  of  sulphj^'  • 
Sulphurous  oxide  is  produced,  and  a  residue  of  ferric  oxide 
remains. 

Purification  of  Sulphuric  Acid. — The  sulphuric  acid  oj 
commerce  contains  impurities.     It  holds  in  solution  a  siD*** 
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qnaotity  of  lead  sulphate,  fonned  in  the  evaporating  basins ;  it 
is  oflen  charged  with  nitrons  products,  and  sometimes  with  ar- 
senic acid,  when  the  sulphurous  oxide  employed  in  its  prepar 
ration  has  been  obtained  by  the  combustion  of  arsenical  pyrites. 
It  may  be  freed  from  these  impurities  by  distillation.  The 
nitrous  products  are  first  disengaged,  and  are  found  in  the  first 
portions  of  the  distillate,  which  must  be  rejected.  Pure  sul- 
phuric acid  then  passes ;  the  lead  sulphate  and  arsenic  acid 
remain  in  the  retort  with  the  last  portions  of  the  acid,  which 
must  not  be  distilled. 

The  operation  may  be  conducted  in  a  glass  retort  connected 
with  a  cooled  receiver.  The  retort  should  be  heated  laterally 
by  an  annular  flame  so  that  explosive  evolution  of  vapor  may 
be  avoided,  and  it  is  well  to  introduce  some  platinum  wires  with 
the  acid,  and  to  cover  the  retort  with  a  sheet-iron  hood. 

Constitatibii  of  Sulphuric  Acid. — Since  oxygen  combines 
directly 'with  sulphurous  oxide  to  form  sulphuric  oxide,  the 
latter  may  be  regarded  as  sulphuryl  oxide,  S0*0. 

Sulphuric  acid  is  the  hydrate  of  this  oxide. 

S0»  +  H'O  =  H'SO* 

The  following  experiment  indicates  the  relations  which  exist 
between  the  elements  composing  this  hydrate. 

If  sulphuryl  chloride  be  poured  into  water,  it  disappears, 
Bolphuric  acid  and  hydrochloric  acid  being  fomicd. 

so'lc!  +   mu  =  ^o'fgS  +   2HC1 

Snlphnryl  2  molecules  Sulphuric  2  molocules 

chloride.  of  water.  acid.  hydrochloric  acid. 

Sulphuric  acid  is  thus  formed  by  the  decomposition  of  2 
molecules  of  water,  of  which  2  atoms  of  hydrogen  have  been 
removed  by  2  atoms  of  chlorine,  and  replaced  by  the  group 
SO*.  It  may  then  be  truly  said  that  sulphuric  acid  is  derived 
from  two  molecules  of  water  by  the  substitution  of  the  diatomic 
radical  (SO*)"  for  two  monatomic  atoms  of  hydrogen. 

H.OH  ^^^^   I  OH 

2  molecules  of  water.  Sulphuric  acid. 

If  the  composition  of  sulphuric  acid  be  compared  to  that 
of  sulphuryl  chloride,  from  which  it  may  be  formed,  it  will  be 
I* 
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Been  that  both  compounds  oontain  the  same  Dudens  or  ndieal 
SO*,  and  that  instead  of  the  two  atoms  of  chlorine  of  the 
chloride,  the  acid  contains  two  groups  OH.  The  group  OH 
is  a  residue,  as  it  were,  which  represents  a  molecule  of  water 
minus  one  atom  of  hydrogen,  and  which  is  called  hjdrozri. 
It  is  a  nionatomic  group,  and  sulphuric  acid  is  formed  by  the 
saturation  of  the  alinity  of  the  diatomic  radical  sulphuryl  by 
two  monatomic  groups  hydroxyl,  which  replace  the  two  atoms 
of  chlorine  of  sulphuryl  chloride.  Williamson  has  described 
an  intermediate  compound  in  which  the  radical  sulphuryl  u 
combined  with  one  atom  of  chlorine  and  one  OH  group. 

Salphuryl  chloride.    Sulpbuiyl  cblorohydnito.       Salphanc  add. 

Physical  Propertiei. — Sulphuric  acid  is  a  colorless  oilj 
liquid ;  its  density  at  12^  is  1.842  (Marignac).  Its  boiling-point 
is  325^,  and  it  solidifies  at  — 3i°.  If  it  be  crystallised  several 
times  at  a  low  temperature,  and  the  part  remaining  liquid  be 
decanted  off  each  time,  the  melting-point  is  gradually  raised  to 
+10.5°,  where  it  remains  stationary.  According  to  Marignac, 
the  acid  which  solidifies  and  fuses  at  -f-10.5^  constitutes  the 
true  monohydrated  acid,  H'^SO*.  At  a  temperature  about  40® 
it  emits  some  fumes,  and  between  this  point  and  290^  it  disen- 
gages a  small  Quantity  of  vapor  of  sulphuric  oxide.  At  290® 
it  begins  to  boil,  but  its  boiling-point  soon  rises  to  338**,  where 
it  remains.  Such  are,  according  to  Marignac,  the  properties  of 
monohydrated  sulphuric  acid.  According  to  this  chemist,  the 
acid  purified  by  simple  distillation,  and  boiling  at  325^,  stiD 
contains  a  small  amount  of  water. 

Chemical  Properties. — When  exposed  to  a  red  heat,  sul- 
phuric acid  decomposes  into  sulphurous  oxide,  oxygen  and 
watsi* 

ff  SO*  -.  SO'  +  0  +  H^O 

Many  bodies  having  an  affinity  for  oxygen  reduce  salphnric 
acid  by  the  aid  of  heat.  Thus  sulphur  effects  the  redoctioD, 
being  at  the  same  time  oxidized  to  sulphurous  oxide. 

2H»S0*  +  S  =  3S0'  +  2H«0 

We  have  already  studied  the  action  of  charcoal  and  copper 
upon  sulphuric  acid  when  boiled  with  that  liquid,  and  we  have 
seen  that  sine  and  iron  decompose  the  dilute  acid  with  erolu' 
tion  of  hydrogen  and  formation  of  a  sulphate. 
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Solpburie  acid  has  a  strong  affinity  for  water.  When  four 
parts  of  Bolpharic  acid  are  quickly  mixed  with  one  part  of 
water,  the  temperature  rises  to  above  100^.  If  the  experiment 
be  made  with  large  quantities,  it  is  not  without  danger,  and  re- 
quires prudence  lest  part  of  the  acid  be  projected  irom  the  vessel. 
Experiments. — If  four  parts  of  sulphuric  acid  be  quickly 
added  to  one  part  of  snow,  the  latter  is  immediately  liquefied 
and  a  notable  elevation  of  temperature  takes  place ;  for  the 
energy  of  the  combination  of  the  sulphuric  acid  with  the  water 
is  so  great  tiiat  the  heat  produced  by  the  union  is  greater  than 
that  consumed  in  the  liquefaction  of  the  ice. 

But  if  four  parts  of  snow  be  mixed  with  one  part  of  sul- 
phuric acid,  the  result  is  the  reverse ;  there  is  a  lowering  of 
temperature. 

The  affini^  of  sulphuric  acid  for  water  is  manifested  in  a 
number  of  reactions.  In  the  following  it  Is  sufficiently  power- 
fa\  to  cause  the  formation  of  the  water  it  requires : 

If  a  morsel  of  sugar  be  moistened  with  sulphuric  acid,  it 
becomes  blackened  and  carbonized  in  a  few  minutes.  The  sugar 
contains  no  water  already  formed,  but  independently  of  carbon 
it  contains  hydrogen  and  oxygen  in  the  proportions  necessary 
to  form  water,  so  that  the  latter  compound  is  produced  by  the 
influence  of  the  sulphuric  acid,  and  a  carbonaceous  matter 
remains. 

This  water  which  is  absorbed  by  sulphuric  acid  with  so  much 
enerpgr,  combines  with  the  acid  in  a  manner  analogous  to  that 
in  which  water  of  crystallization  combines  with  certain  salts. 
Indeed,  if  sulphuric  acid  to  which  1 8.3  per  cent,  of  water  has 
Wn  added  be  exposed  to  a  temperature  of  0°,  large  prismatic 
crystals  are  formed,  which  remain  solid  even  at  a  temperature 
•^f  +7°  or  -|-8^.  The  composition  of  these  crystals  is  ex- 
pressed by  the  formula  H'SOMI'O.  They  constitute  a  dihy- 
^^  acid,  for  they  result  from  the  union  of  two  molecules 
of  water  with  one  molecule  of  sulphuric  oxide. 

Concentrated  sulphuric  acid  will  absorb  red  nitrous  vapors 
(«5ee  page  155),  forming  colorless  crystals  that  are  often  de- 
posited in  the  leaden  chambers.     The  compound  is  nitrosyl 
mric  acid. 

!!S}sO.    +    ';»}o=HOo}sO.+  HNO. 

S^nlphDiic  arid.  Bed  vapors.  Niti-itvyl  Hulphiiric        Kitric  acid. 

ucid. 
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Sulphuric  acid  is  a  dibasic  acid ;  that  is,  it  contains  two  atoms 
of  hydrogen  that  are  replaceable  by  an  equivalent  quantity  of 
metaJ.  This  substitution  takes  place  when  the  acid  is  treated 
with  a  hydrate,  such  as  potassium  hydrate,  or  with  an  oxide, 
such  as  lead  oxide. 

H'^SO*    +     2K0H      =      K*SO*    +     2HH) 

Potaasinni  liydrate.      Potttasium  sulphate. 

H«SO    +    PbO    =    PbSO*    +     HH) 

Lead  oxide.       Lead  sulphate. 

When  saturated  with  potassium  hydrate,  the  sulphuric  acid 
is  converted  into  potassium  sulphate,  and,  in  the  salt,  two  atoms 
of  potassium  replace  the  two  atoms  of  hydrogen  of  the  acid. 
In  the  case  of  the  lead  oxide,  on  the  contrary,  the  reaction, 
which  is  only  a  double  decomposition,  takes  place  so  that  a 
single  atom  of  lead  replaces  the  two  atoms  of  hydrogen.  The 
metal  lead  is  then  said  to  be  diatomic ;  that  is,  one  atom  of 
lead  is  capable  of  replacing  two  atoms  of  a  monatomic  element 
such  as  hydrogen,  and  one  atom  of  lead  is  equivalent  to  two 
atoms  of  potassium. 

Sulphuric  acid  may  be  detected  by  the  following  reactions, 
which  are  also  ap]>]icable  to  the  soluble  sulphates. 

In  solutions  containing  sulphuric  acid  or  a  sulphate,  bariom 
salts  produce  a  white  pulverulent  precipitate,  which  is  insolu- 
ble in  either  cold  or  hot  nitric  acid ;  this  precipitate  is  barium 
sulphate.  When  mixed  with  an  excess  of  charcoal  and  heated 
to  whiteness,  it  is  converted  into  barium  sulphide. 

BaSO      +      4C      =    4C0       +      BaS 

Barium  sulphate.  Carbon  monoxide.    Barium  aalphide. 

The  sulphide  of  barium  disengages  hydrogen  sulphide  wbep 
it  is  moistened  with  hydrochloric  acid  ;  this  gas  may  be  recog- 
nized by  its  odor  and  by  its  blackening  a  paper  impregnated 
with  lead  acetate. 

FUMING  SULPHURIC  ACID  (PYROSULPHURIC). 

Fuming  sulphuric  acid,  or  Nordhausen  sulphuric  acid,  as  it 
was  formerly  called,  can  be  regarded  as  a  combination  of  sul- 
phuric acid  and  sulphuric  oxide. 

ffSC  +  so*  =  H'S'O'  =  O 

S0'< 
OH 
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I  It  is  a  ligfat-brown,  oily  liijuid.  At  0^  it  solidifiea  into  a  leafy 
Its.  It  gives  olT  w]iit«  fumes  in  the  air.  When  heated,  it 
tnmpusee  into  aiilplinric  oside  and  sulphuric  acid.  It  la  ob- 
ted  in  the  nrta  by  the  flistillaiion  of  ft^rrous  sulphate  thsLt  has 
Ml  provionaly  transformiii  into  ferric  subsulphato  by  rtjaating, 
This  8ubsulphat«  is  calcined  in  stoneware  retorts ;  it  gives 
off  Bulpharic  oxide  when  It  is  perfectly  dry,  but  as  it  is  difficult 
to  entirely  free  it  (rom  irater  of  crystallization,  the  vapor 
ralphuric  oxide  is  mixed  villi  that  of  sulphuric  acid,  and  the 
mixed  vapors  are  {-uDUenseJ  in  cooled  receivers,  The  Tesidna, 
of  the  disiiltation  is  ferric  oxide,  Fe'O*.  Fuming  snlphui 
acid  u  UEcd  by  dyers  lo  dissulvo  indigo. 

THIOSULPnURlC  ACID. 

I  acid,  called  also  hyposul  phurous  and  sulphosulphuria 
i  not  known  in  the  free  alatc.  When  sodium  Lhiosulphate 
Led  with  dilute  sulphuric  acid,  the  thiosulphuric  acid  set 

is  at  once  decompiwieil  into  sulpliuroiia  acid  and  sulphur. 

Nb-SHV     +     H'SO*     =     Na'SO*  +   H'SO*  +  S 

ium  thioBulphale  is  formed  when  sulphur  is  boiled  with 
elation  of  sodium  sulphite. 

Nn'SO"     +     8    =     Na'S(SO') 

Soillum  <Til|>hlic.  Solliini  tliluau1|>Mic. 

It  is  a  very  soluble  salt,  forming  vntumlnnus  crystals.     It  is 
uaed  in  photography  and  in  the  manufacture  of  paper. 

»HyPOSULI'HlJRK:   ACID. 
H'S't)* 
Aiming  sulphuric  add  represent  a  combination  of  sul- 
c  aoid  and  sulphuric  oxide,  hyposulphuric  at-id  can  be 
led  OS  resulting  Irom  the  union  of  sulphuric  acid  with 
urons  nside. 
SO'.H'HO*  fuming  sulphuric  acid. 
SO'.H'^O*  hyposulphuric  acid. 
Preparation. — Hyposulphuric  acid  is  prepared  by  passing 
wUpburoua  oxide  iuto  water  iu  which  manganese  dioxide  is  sua- 


of  I 

the  J 


3S0'     +     MnO' 


MnS'U* 


KiuCUiH  dlolld*     naugnnw*  h]ip»nl] 
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Manganese  hyposulphate  is  thus  fonned,  and  this  is  oon- 
yerted  into  barium  hyposulphate  by  a  double  decompositioD 
with  barium  sulphide.  The  liquid  is  separated  from  the  man- 
ganese sulphide  by  filtration,  and  exactly  decomposed  with 
dilute  sulphuric  acid.  Barium  sulphate  is  precipitated,  and  Uie 
hyposulphuric  acid  remains  in  solution.  The  liquid  is  then 
concentrated  in  vacuo. 

Properties. — Hyposulphuric  acid  is  a  very  acid,  syrupy 
liquid,  having  a  density  of  1.347.  It  is  not  stable ;  when 
boiled  it  decomposes  into  sulphuric  aeid  and  sulphurous  oxide. 

PEBSULPHURIC  OXIDE. 

This  body  has  been  very  recently  discovered  by  Berthelot, 
who  obtained  it  in  the  pure  state  by  the  action  of  silent  elec- 
tric discharges  of  high  tension  upon  a  mixture  of  equal  vol- 
umes of  sulphurous  oxide  and  oxygen,  both  perfedJy  drj. 
Persulphurie  oxide  is  formed,  and  there  remains  a  residue  of 
oxygen. 

S^O*        -f        0*        =        S^O^        -f        0 

4  vol.  sulpburouB  oxide.     4  vol.  oxygen.         Persnlphuric  oxide.  OsjrgMt. 

When  pure  it  is  solid  at  ordinary  temperatures,  crystallizing 
sometimes  in  grains,  sometimes  in  thin  and  flexible  transparent 
needles.     Sometimes  it  remains  liquid. 

It  is  not  stable,  and  decomposes  spontaneously  in  about  two 
weeks.  When  heated,  it  decomposes  rapidly  into  sulphuric 
oxide  and  oxygen. 

S^O^        =        280^        +        0 

Porfliilphuric  oxide.         Sulphuric  oxide. 

Water  dissolves  it  with  production  of  dense  fumes  and  » 
brisk  effervescence  due  to  the  dis(mgagement  of  oxygen.  The 
liquid  then  contains  sulphuric  acid.  At  the  same  time  a  small 
quantity  of  persulphurie  acid,  IPS^O®,  or  HSO*,  is  formed, 
which  soon  decomposes  into  sulphuric  aeid  and  oxygen. 

This  persulphurie  acid,  which  is  very  unstable,  would  be 
analogous  to  permanganic  acid ;  its  formation  is  expressed  bf 
the  following  equation : 

S^O^  +  H=^0  --  2HSO 


■KLSKIUM  ANP  TSIXUBIUM.  Ill 

According  to  Berthelot,  penolpharic  acid  is  formed  by  the 
^ectroljsis  of  concentrated  solutions  of  sulphuric  acid.  It 
ifould  also  be  formed  by  the  careful  addition  of  a  solution 
)f  hydrogen  dioxide  to  sulphuric  acid  slightly  diluted  with 
nrater. 

2H'SO  -f  0  =  H«0  +  2HS0* 

It  is  by  no  means  certain  that  the  formula  HSO*  represents 
the  composition  of  a  molecule  of  persulphuric  acid.  It  is  pos- 
sible that  this  formula  mmst  be  doubled  as  indicated  above. 
At  present  this  point  cannot  be  decided. 


SELENIUM   AND  TELLURIUM. 

These  two  rare  elements  present  a  great  analogy  to  sulphur. 
Selenium  was  discovered  by  Berzelius  in  certain  Swedish 
pyrites.     Like  sulphur,  selenium  has  two  allotropic  forms,  one 
crystalline,  the  other  vitreous  and  amorphous.    The  crystalline 
variety  begins  to  melt  above  217°,  but  liquefies  only  at  250° 
(Regnault) ;  after  rapid  cooling  it  solidifies  into  a  dark-brown 
mass.     Its  density  is  4.8  when  crystallized,  and  4.8  when  vit- 
reous.    When  heated  in  the  air  to  a  temperature  above  its 
melting-point  it  takes  fire  and  burns  with  a  blue  flame,  being 
converted  into  selenious  oxide,  SeO^.     When  sulphurous  acid 
is  added  to  a  solution  of  selenious  oxide  the  latter  is  reduced, 
sulphuric  acid  is  formed,  and  the  selenium  is  precipitated  in 
tbe  form  of  brown -red  flakes.     Its  compound  with  hydrogen 
is  a  colorless  gas  having  a  fetid  and  irritating  odor. 

Tellnriiun  is  still  more  rare  than  selenium ;  it  occurs  com- 
bined with  gold  and  other  metals  in  certain  minerals  of  Tran- 
sylvania and  Hungary,  and  also  in  the  Rocky  Mountain  gold 
^on  in  the  United  States.  It  has  the  external  appearance 
and  the  lustre  of  a  metal.  Its  color  is  silvery-white ;  its  den- 
sity 6.25.  It  melts  at  about  500°,  and  can  be  volatilized  at  a 
^Mte  heat  in  a  current  of  hydrogen.  It  has  a  great  tendency 
to  crystallize.  When  heated  in  the  air  it  burns  with  a  green- 
isb-blue  flame,  forming  tellurious  oxide,  TeO^  Its  compound 
^tb  hydrogen  is  a  gas  having  an  odor  analogous  to  that  of 
M'ogen  sulphide. 

'Hie  following  table  shows  the  analogy  between  the  principal 
impounds  of  sulphur,  selenium,  and  tellurium : 


ELEMESTB 

OF   HOBKRN 

CHXHtBTBT. 

H^ 

H'Se 

me 

H;dti«*n  rilphldg. 

Bjingtn  Hltnids.        HTdroBon  tillnrida. 

SO' 

SeO' 

TeO" 

Sii1|>fa<>r..i»oil<l<. 

SeloDtngi  oiids. 

TdlnriDniuldi. 

sc 

[SeC] 

TeCV 

Bntphuiic  Dilde. 

B>l.alc  Olid.. 

T=lluric»Kid«. 

[H'sm 

H'SeC 

ffTeC 

Ttllarlou  add. 

H-SO* 

ITSeO* 

HTeO* 

SalptaBrlc  add. 

Srlaulo  uld. 

TtUaiiCMM. 

3S.S 


CHLORINE. 

Deaaitjr  compsred  to  sir S. 

DsDIit;  oompsied  to  hydrogen 35. 

Atomk  wpight  CI 

Chlorine  was  diflcovereJ  by  Scheele  in  1774,  and 
recoOTiized  as  an  ulotuunt  by  (iay-Lussac  and  Theuard 
and  Dy  Sir  Humphry  Duvy  in  1810.  It  ia  one  of  the 
of  common  salt,  or  sodium  chloride. 

Prepaxation. — One  part  of  manganese  dioxide  i 
powder  and  i'ls.  parU  of  common  hydrochloric  acid  a 


duced  into  a  flask  fitted  with  a  safety-tube  and  deliTery-tDbt 
(Fig.  38).     The  reaction  begins  in  the  cold ;  chlorine  gM  ii 


disengaged,  and  may  be  collected  over  salt  vator.  As  noon  tut 
the  disengagement  of  gas  diminishes,  it  may  be  re-CHlnbliahed 
by  the  application  of  a  gentle  heat. 

It  13  more  convenient  to  coUet't  the  gas  by  dry  displncenient, 
uid  it  may  be  obtained  pure  and  dry  by  being  conducted 
through  a  waafa-bottlu  conlaining  a  small  quantity  of  wal«r,  and 
a  tube  containing  calcium  chloride,  as  represented  in  the  figure. 
It  is  then  paeeed.  by  means  of  a  tube  bent  at  a  right  angle, 
into  a  dry  jar.  The  chlorine  being  heavier  than  the  air,  col- 
lects at  the  bottom  of  the  jar  and  gradually  drives  out  the  air, 
und  the  uniform  greenish  color  of  the  whole  of  the  gas  in  the 
jar  indicates  when  the  latter  is  completely  filled. 

If  it  be  desired  to  prepare  a  solution  of  chlnrine  in  water, 
the  gas  may  be  passed  through  a  series  of  WoIfi"s  bottles  con- 


j  wat«r,  the  ctmtcn'a  of  the  first  bottle  being  rejected, 
•rrii^  merely  to  wash  the  goa  (  Fig.  !-i£l). 
_  The  reaction  which  takes  place  in  the  preparation  of  chlo- 
I)M  U  a  double  decomposition  lietwecn  the  manganese  dioxide 
i  the  hydrochloric  add.  Wat«r  and  manganese  chlorTde 
t>  fonned,  and  chlorine  is  set  free, 

HnO*        -I-      4HCI     ^-  2H'0  +     MnCI'     +      CI" 

■OgM  Hloildf.        HjdroGblorlc  ■cid,  MungonfK  chlnriar. 

[  RlTueal   Proptrtiei. — Chlorine  is  a  groenish-ycllow  gaa 
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bsTJog  ft  strong  and  snffocating  odor.  A  litre  of  tlui  ga 
weiglu  3.16  gr.  It  may  be  liquefied  kt  16°  by  s  preaBiire  d 
four  atmospheres.  A  Bmall  quantity  of  the  liquid  may  eaah 
be  prepared  in  the  following  manner:  * 

Some  crystals  of  chlorine  hydrate  are  introduced  into  a  tobi 
of  thick  glaaa  closed  at  one  end  and  bent  in  the  middle ;  thi 
other  end   is  then    hermetictUj 
sealed   at  the   blastr-lamp.      Thi 
branch  containing  the  ciystalt  ii 
then  heated  in  a  water-bath,  wliilt 
the  other  branch  is  cooled  in  i 
treezing  mixtnre  (Fig.  40).    Tlu 
hydrate  of    chlorine  breaks  op 
into  water  and  chlorine,  and  tlu 
^^  greater  part  of  the  latter  is  disen- 
^f  gaged,  and  condenses  by  its  own 
^^^^^^^^^^     pressure  into  a  deep-yellow  lianid, 
p,o_  jo^  which  collects  in  the  cooler  linib 

of  the  tube  (Faraday). 
Chemical  Properties. — One  volume  of  water  at  8°  disBoln* 
3  volumes  of  t-hlorine  ;  at  17°,  2.4:i  volumes.  The  saturaWd 
solution  haM  n  yellow  tolor.  When  it  is  exposed  to  atempera- 
turt!  of  It",  il  deposits  crjHtiils  containing  27.7  per  cent,  of 
chlorine,  und  72.3  ])er  cent,  of  walfr,  and  constitnting  a  hjdnle 
of  chlorine  corresponding  to  the  formula  CI*  -f-  lOH'O  {fi*^ 
day). 

(!hlorinc  pos»es.ses  powerful  affinities.  It  unites  diredlj 
with  the  greater  number  of  the  other  elements,  and  the  com- 
bination lVe<iuently  takes  place  with  such  energy  that  luminous 
heat  in  produced. 

Kurjierimriils. — If  powdered  antimony  or  arsenic  be  sprinkW 
into  u  jar  conlnining  dry  chlorine,  each  particle  of  the  bl*"* 
powder  bums  with  a  briglii  spurk  as  soon  as  it  enters  the  atmot 
phere  nt'  chlorine,  producing  thick,  white  fiimes  of  antimoq 
or  arsenic  chloride  as  the  case  may  be. 

If  a  mursel  of  phosplioms,  contained  in  a  deflagrating  qiooii 
I>c  phingod  into  a  jar  of  chlorine,  the  phoapborus  melts  an 
inVamcH  sponlnneouHlv,  and  the  sides  of  the  jar  become  coreR 
with  II  yellow,  crvKtalliiie  deposit  of  phosphorus  pentachloTid 
PCI'. 

But  the  affinity  of  cliliirine  u  mofll  strikingly  muifertod  1 
its  action  on  hydrogen  and  hydrogen  compaiuida. 


li«n  a  lij^ted  taper  U  applied  to  a  luixtare  of  ecjuid  i 

I  (if  chluritie  and  hydrogen,  tUi-  two  gaBua  unite  instuiit 

explunivuly.      Suuli  a  mixture  will  dso  ex[>!(i(le  violet ' 

un  Ixiing  I'xpqiKd  l<i  direvt  Kunli^ht;  the  ruya  of  tbo  sun  u 

itTen  bu  rc'plau^d  liy  ttiG  flame  of  luagnesium  or  that  of  carl) 

dUuljihide.  

So  prM  ia  tlic  affinity  of  clilorinc  for  hydrogen  that  it  de- 
(wmpoism  all  liydrogcii  cr>iu[Miunds,  except  hydrochloric  and 
hydrofiuaric  acids,  Wlu'ti  it  is  dissolved  in  water,  it  slowly 
decampuses  that  liquid  iiudt;r  thr  influence  of  sunlight,  i 
bioing  with  the  hydro^n  and  netting  the  oxygen  at  libert;;^ 

If  a  tube  fillod  with  an  aqueous  aolntion  of  oblorine 
inverted  over  iIih  puuumatju  trough  nod  exposed  to  direct  si 
li^ht,  small  bohl)li:3  of  gna  will  be  seen  to  rii»e  through  the  lii]i: 
and  (.'ciUwt  ut  the  t4>p  of  the  tube.     This  is  the  oxygen  r 
iiig  triMU  the  decomposition  of  thi;  water. 

At  a  red  heat,  the  vnpor  of  water  ia  rapidly  deeompoaed  I 
chloTioe ;  hydrficcn  nulpbidu  givo  up  ita  hyifrt^n  to  chlorii 
at  ordinary  lempcratuiee. 

All  oi^nic  substances  ootitaiu  liydrofreii ;  they  are  iherefort 
pienemlly  modified,  and  often  dentruyod  liy  tlic  action  of  chk 
Coloring  uotteni  of  organic  origin  lire  lileachcd. 

ETprrimrnt. — If  a  aoliition  of  chlorine  be  added  to  a 
tiun  of  litmuB,  sulphate  of  indigi:),  or  ink,  the  intense  c 
peeulinr  to  these  euljatuncea  disappear,  ^ving  place  to  a  p 
yellow  or  brown  tint.     This  effect  is  duo  to  the  raore 
nmfnimd  decorajHiaition  which  those  coloring  matters  v 
by  Kawm  of  the  removal  of  a  certain  portion  of  their  hydl 

Bin  this  form  of  bydrocblorio  acid. 
Ilia  bleaching  property  of  ehlorino  ia  of  great  aerrice  ii 
wax  tjij<t>r  will  burn  in  ililnrine  giis  with  a  red,  st 
flame.     Tile  Lydmgeii  of  the  wax  oombiuea  with  the  chlu 


wiai«  the  earboa  i»  tuit  fr«e 
ratfil  witli  nil  of  turpi-ntin 
intriidii'K.'d   inlji  a  jar  iif  clili 

MuolcR  ;  the  tnrpeniini- 1 i  li 

latter  ix  nllju^Iied  by  tin-  r\,l, 

Oblorine  m  alxo' au  rlli. ,.. 

hydrogen  sulphide,      it  dri'i 

origin,  the  effluvia  retmliing  from  putrid  fermcniatioii, 
the   nuMima  which   ore  aometinius  diffused  lii  Ihu  air. 


A  pieec  of  patw 


ti  and  hydrogen 
oer  being  aet  fi 
liint.    It  decoo . 
matters  of  org 
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]  purify  the  air  IB 


nc 


is  employed  to  disinfect  privya,  etc.. 
certain  epidemics. 

The    bleaching   properties  and   disinfecting   properties  of 
chlorine  are  due  to  the  same  cause, — ita  poweifiil  affim^  for 

hydrogen. 

J  '  HYDROCHLORIC  ACID. 


uilj  oompared  lo  hjdroi 


'oighl  HCI =  3a.S 

Hydrochloric  acid  exiatd  among  the  gaseous  products  Hx^ 
gaged  bj  volcanoes. 


Preparation — tnamenls  ot  fused  oimmon  salt  are  intro- 
duced into  a  fiask  fiitr-d  wilh  a  sniet^  tuhe  and  ddivery-tube, 
like  that  for  the  preparaiion  of  cliiorino  and  concentnted  sul- 
phunc  SLid  IB  added     Hydrochloric  acid  gas  is  disengai^  aod 


HTPBOOHLOKIC  ACIB. 


H*SO*      + 


HCl 


Id  the  arts,  the  operation  is  conducted  in  cast-iron  cylinders 
or  furnaces  (_Fig.  41),  at  a  high  temperature.  Under  these 
conditions,  one  molecule  of  sulphuric  acid  acta  upon  two  mole- 
cules of  sodium  chloride,  yielding  sodium  neutral  sulphate, 
ud  two  molecules  of  hydrochloric  acid. 


H'SO*     +     2NaCI 


Na-SO* 


2Ha 


The  hydrochloric  acid  gas  evolved  is  passed  into  stoneware 
IwUlea,  C,  C,  C,  containing  water.  It  is  thus  dissolved, 
uid  the  solution  ohtained  constitutes  the  muriatjc  acid  of  com- 

A  solution  of  hydrochloric  acid  may  be  prepared  in  the 
Uborat.iry  by  passing  the  gaa  through  water  contained  in  a 
series  of  Wolff  bottles  surrounded  by  cold  wal«r,  the  contents 
of  the  first  boule  being  rejected  (Fig.  42). 


Comporition  of  HTdroohloric  Acid. — The  composition  of 
this  gas  may  be  deduced  from  the  following  esperimence : 
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1.  A  bottle,  B  (Fig.  43),  the  neck  of  which  is  adapted  Ir 
grinding  with  emery  to  the  flask  A,  is  filled  with  dry  cUorine 

A,  which  has  exactly  the  same  capacity  ai 
the  bottle,  is  filled  with  dry  hydrogen ;  th< 
two  vessels  are  then  fitted  together,  and  bj 
means  of  the  ground  joint  are  hermeticalh| 
sealed.  The  apparatus  is  now  abandoned 
for  a  time  to  diffuse  light,  and  as  the  two 
gases  slowly  mix  they  combine.  The  union 
is  completed  by  exposing  the  apparatus  to 
direct  sunlight.  When  the  tint  of  the 
chlorine  has  entirely  disappeared,  the  two 
vessels  are  separated  under  the  surface  of 
mercury,  and  it  is  found  that  no  change  in 
volume  has  taken  place.  The  chlorine  and 
hydrogen  have  both  disappeared  to  form 
hydrochloric  acid,  which  occupies  preciflely 
the  same  volume  as  the  two  primitive  gases.  Consequently  2 
volumes  of  hydrochloric  gas  contain  1  volume  of  chlorine  and 
1  volume  of  hydrogen  ;  and  if  the  weight  of  one  volume  of 
hydrogen  (unity)  be  added  to  that  of  one  volume  of  chlorine 
(its  density  compared  to  hydrogen  as  unity),  the  sum  will  be 
the  weight  of  two  volumes  of  hydrochloric  acid,  and  will  alw 
represent  the  weight  of  the  molecule. 

Densities  com- 
pared  to  H. 
Weight  of  1  volume  of  hydrogen  ....     1 
Weight  of  1  volume  of  cbloriuo     ....  35.5 

Weight  of  2  volumes  of  hydrochloric  acid 


Fio.  43. 


Densities  com- 
pared to  Air 

0.0693 

2.44 


36.5 


2.5093 


2.  Two  volumes  of  hydrochloric  acid  gas  are  passed  into  » 
bent  tube  over  mercury  (Fig.  44),  and  a  small  piece  of  sodiuBi 

is  passed  up  into  the  bulb  and 
heated  by  the  flame  of  a  spirit^ 
lamp.  The  sodium  combinfi^ 
with  the  chlorine  setting  the 
hydrogen  at  liberty,  and  after 
the  experiment  one  volume  of 
hydrogen  remains  in  the  tobe. 
Tliis  second  experiment  con- 
firms the  first,  both  proving 
that  hydrogen  and  chlorine 
unite  in  equal  volumes,  and 
without  condensation,  to  fotn 


Fig.  44. 


HrDBftCHLORIC   ACW. 

hydroctilorie  acid.  One  vuluiue  of  hydrochloric  anil  contaiH 
hair  ft  Vfiliimu  nf  hytlni^n  and  liuJf  a  volumu  of  diliirino,  hi' 
we  cannot,  nilniit  ttiaL  tliu  nUiniB  ol'  ikeac  Hemetits  arc  divide 
into  two  in  tho  fonnation  of  hydrochloric  acid ;  such  g 
jHwition  woald  Ui  contrary  t»  all  idoaaot'  atdiDs.  whii'h  reprii 
sL-nt  the  smallest  partidcs  of  an  element  that  can  eii«t  in  k' 
(1JIU pound.  It  K  moru  natural  to  oonclade  tliat  two  vol- 
umvtt  of  chlorine  and  two  Tolunied  of  hydro^n  react  logctber 
iu  tJi«  formation  of  hydrochloric  acid.  Two  volumes  of 
chlorine  contain  two  uIuqu),  uoDHtitutin^  one  motec-ule  of  cldcM^ 
rine.  Id  the  snjiio  maimer  two  valuwex  of  hydrogen 
iwu  alouiB,  iKiUFititutiiiv  one  molecule  of  hydrogen. 


CI         CI 


U        H 


It  id  these  molccnlcs  which  are  separated  into  two  whel, 
chluriue  eombiiiwi  with  hydrogen  :  they  exchange  their  atomo^l 
iiftd  Iroui  the  exchuigu.  whiuh  ix  a  dunble  decompMition,  thef 
risolt  twii  molecules  of  hydrocliUme  acid,  which  occnpy  prO;-! 
citwiy  tile  hiUuc  volume  as  tnc  two  uiolcciiten  of  the  simple  ; 


i  CI  I  CI  j  +  I  H  I  H  1  ^  I "  H  j  CI 


4-  I  H  I  CI 


ir  hjilig- 


Wc  cncminter  here  again  the  notion  that  certain  etenienta  in  1 
the  frve  state  are  composed  of  molecules,  each  of  which  con- 
tain*  two  atoms  of  the  same  kind.     The  force  which  unites 
then  is  not  dificrent  from  affinity.     It  is  affinity  which  unites 
chlorine  to  chlorine  in  the  molecule  of  that  clement ;  hydrogea  m 
to  hydrogen  in  the  molecule  of  free  hydrogen  (Gcrhiirdt,)ia 
When,  however,  these  two  molecules  are  brought  together,  tlu|l 
ri  prefKinderalvs,  and  brings  abotdtl 


Physical  Properties. — I  i  \  - 


■iiihloric  acid  ia  a  colorless  g 
HIS  thick  white  fumes  ii 

by  cuudt-'DHini;  tin-  ii(niiis[itiirii-  ijii>iift«ro.     It  maybe  ti(|ncBed 

b^  a  iire^ure  of  411  HtiuoH|iIii'ri.'N, 

It  w  onn  nf  ilie  miMt  Miliiblc  of  ^men  in  water.     If  a  JHJ 

SiUal  witli  Uiujjua  lutd  uiveitcd  on  a  plalc  containing  tDcrutu 
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80  that  the  mouth  is  sealed,  be  depressed  in  the  pneomatio 
trough,  and  the  plate  be  then  quickly  removed,  the  water  im- 
mediately rushes  into  the  jar  as  it  would  into  a  vacuum.  The 
shock  of  the  column  of  water  is  sometimes  sufficient  to  break 
the  jar. 

One  volume  of  water  at  0°  dissolves  500  volumes  of  hydro- 
chloric acid ;  at  ordinary  temperatures,  about  480  volumes. 
The  water  becomes  heated  and  increases  in  volume.  The  cold 
saturated  solution  has  a  density  of  1.21  and  contains  42.4 
per  cent,  by  weight  of  the  dry  gas.  It  is  a  colorless  liquid, 
giving  off  white  fumes.  When  it  is  heated,  it  loses  a  large 
quantity  of  the  gas  which  it  holds  in  solution,  but  the  whole 
of  the  gas  is  not  disengaged,  and  when  the  temperature  reaches 
110°  the  liquid  distils  without  further  loss  of  gas.  A  dilute 
hydrochloric  acid  is  thus  obtained,  having  a  uniS)rm  density  of 
1.10  (Bineau). 

Chemical  Properties. — Hydrocliloric  acid  is  an  energetic 
acid ;  it  strongly  reddens  litmus-paper.  It  is  not  decomposable 
by  heat,  but  ii*  partly  decomposed  by  a  series  of  electric  sparks. 
All  of  the  met  Ills  which  decompose  water  also  decompose  hy- 
drochloric acid  with  the  liberation  of  hydrogen  and  the  for- 
mation of  a  chloride.  Such  metals  are  sodium,  zinc,  iron, 
aluminium,  tin,  etc. 

Hydrochloric  acid  decomposes  the  metallic  oxides  and  hy- 
drates with  the  formation  of  water  and  a  chloride. 

If  hydrochloric  acid  be  added  in  small  quantities  to  a  con- 
centrated solution  of  potassium  hydrate,  the  liquid  become* 
heated  and  deposits  potassium  chloride  as  a  crystalline  powder- 

HCl      +      KOH      =      KCl      -f      ffO 

Potassium  hydrate.    Potassiuoi  chloride. 

Hydrochloric  acid  is  then  a  true  acid  although  it  contains  V^ 
oxygen,  for  it  contains  an  atom  of  hydrogen  that  is  replaoetb*^ 
by  an  atom  of  metal.  In  its  action  upon  potassium  hydnte  J^ 
resembles  nitric  acid,  fur  this  acid  also  contains  one  atom  O^ 
hydrogen,  which  is  replaceable  by  an  atom  of  metal. 

HNO^    +     KOH     =    KNO»    +     H'O 

Nitric  acid.  Potassium  nitrate. 

It  is  seen  that  the  acids  are  compounds  containing  a  8trong»y 
electro-negative  atom  or  <rroup  of  atoms,  united  with  hydrogc^' 
which  hydrogen  can  be  replaced  by  a  metal.  In  nitric  ad^*"' 
H(NO'),  the  group  NO'  plays  the  part  taken  by  chlorine  *^ 


f 


OXTOE.V   COMPOUNDS   OF  C 


12: 


rdiocbloric  acid ;  like  the  cbioriQe,  it  reodera  the  bydrogea 
ipliu^eable  by  a  metal. 

The  aiHina  of  hydrochloric  add  upon  the  metallic  oxides  ia 
nalogoDS  to  ihal  vhich  it  exerlH  upun  the  hydrntca. 

If  B  cnircnt  of  liydrochluric  atiU  bo  puseoJ  over  raercurio 
lide  DDDt^ned  in  n  tabe  (,Fi|{.  45),  the  oiide  becomes  heat«d, 


nde;  at  dn:  saniu  Lime  walur  is  I'urmoJ  ulJ  wudi:iiaL's  in 
btib, 

HgO    +     2HCI    ^     HgCl'     +     H'O 

i    OXYGEN   COMPOUNDS  OF  CHLORINE, 
ffilh  ox^en,  chlorine  forms  eoropoumlH  which  may  b( 
^jinim  or  hydniled  ;  the  luttcr  ana  atida. 
The  oxides  are : 

Iljnoohloniiii  oxide C1>0 

Chluroudiilile CW 

Chlorine  iieroxlde CPO* 

"Dk  icids  itre : 

HnxKbroroat  acid HC10 

Chlotuus  uid HCrO> 

Chloric  Mid HCI0> 

Pfrcblorio  wia UCIO< 

t  n 


_^ 


ELEHENTIi  OV 


HYPOCHLOROUS  OXIDE  AND  ACID. 

Hypoclilorous  oxide  k  prepared  bj  pasain^  a  current  of  di; 
chlorine  over  mercuric  oxide  coDt«iaca  in  a  tube  surroDiided 
by  cold  wnUiT,  wd  mny  be  condensed  in  a  long-necked  nudnn 
placed  in  a  freezing  mixture  (Fig.  46). 


The  oxido  tondcnses  as  a  brown-red  liquid,  boilinc  at  20". 
Above  that  temperature  it  is  a  reddish-yellow  vapor,  having  a 
dcn.sity  of  2.977,  or,  compared  to  hydrogen  as  unity,  43.5. 
Two  volumoB  of  this  vapor  contain  two  volumes  of  chlorine 
and  one  v<ilume  of  o.\ygen,  a  composition  represented  by  the 
ibnnulii  CI'O. 

HypochJorous  oxido  is  a  danj^rous  body,  and  cannot  be  kept 
for  more  than  a  few  houn*  without  spontaneous  decompoeitjon  j 
itw  vapor  frw|Uontly  explodes. 

In  comliiiiiiii:;  with  the  elfuientB  of  water,  hypochlorous  oxide 
forms  hypochlorous  aeid,  the  solution  of  which  is  almost  color- 
less. 


0     = 


cl[0     +     Hf 
Preparation  of  Hypoohloroas  Acid.— 1.  A  wlution  of 
hypochlorous  acid  may  be  prepared  by  agitadng  mwoario  oxide 


xnth  vater  in  jar 

n)Dta.in  h_vp»cmori)iig  acii]  a 
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'B  filled  with  chloriae  gas.  The  water  will  then 
lod  uercurio  chloride,  and  Lherc  re- 
abrowD  powder,  which  U mercury  oxychloridc.  (Balard.) 
'2.  A  current  of  chlorine  is  passed  ibniugU  water  holding 
reeirnllj-.preciliitatcd  caleium  earltonalc  in  suspension.  The 
IktlTf  disajipeare,  carbonic  acid  ga£  ia  disnu^eed,  and  th^ 
water  bcicomw  charged  with  calcium  chloride  and  nypocliloro 
itci'l  The  mistnro  is  distilled,  and  the  acid  which  paseoe  n' 
Uu  waUir  is  condensed  in  a  cooled  receiver  (Williamson). 
lOO-  +  2CI'  +  HK)  = 


1  ohlorine  is  pasBcd  into  a  rather  dilute  solution  of 
■Iktiine  hydrate,  a  chloride  and  a  hypochlorite  are  Tormed 
2K0H  +  2C1  =  KCl  +  KCIO  +  H'O 

Tn  this  manner  are  prepartnl  sulutious  containing  potassii 
Iiypochlorilc    (Javelle's    solution),    and   sodium    hypoehloril 
(Lubarraquc's   soluti'n),  exten^vely  used  for  bit 
diainrcctin^. 

Propertiei  of  Hypoohloroiu  Acid. — Concentrated  hypo-' 
elilortftis  acid  18  a  dark-yellow  liquid,  having  the  peculiar  smell 
'if  phlffrinotrd  Hnie  or  bleach ing-pow dor.  It  is  very  caustic. 
and  nipidly  iIcBtroys  the  akin  ;  its  bleaching  power  is  very  en- 

Ic,  double  that  of  the  chlorine  it  eontains.     Hydrochloria 
leconiposca  it  into  ohloriue  and  ^aU-i. 
HCIO  +  HCl  ^  CI'  +  U'O 
loTOue  oxide  is  fonned  when  potnssinm  chlorate  is  decom-  " 
posed  by  dilute  nitric  acid  in  the  preacnce  of  a  body  capable 
of  Tiniting  with  oxygen,  Ruch  as  ajwnious  oxide.     At  a  gentle 
heni  a  greonich  gan  is  disengagccl  which  does  not.  liqneiy  a 
temperature  of — 20°.     This  gas  is  not  stable;  above  57° 
deci>nipu«i-K  with  explosion  into  chlorine  and  oxygen. 

It  dissolves  in  water,  fbrmink;  a  dark  golden-yellow  golntu 
chlorous  acid,  a  body  (|uile  unstable  itsc 

CI'O'       +       U'O       =       2UC10' 


CHLOROUS   OXIDE. 
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CHLORINE  PEROXIDR 

This  oompoand,  wliieh  wu 
diaooTered  by  Sir  Hnmpby 
DsTj,  is  prepared  by  the  «v 
tion  of  concentrated  salphnrie 
acid  upon  fused  potaBshun 
chlorate.  The  salt  is  finelj 
polveriied  and  added  in  snudl 
quantities  to  sulphuric  add 
cooled  to  — 10**.  The  pasty 
mass  is  then  introduced  into 
a  small  test-tube  fitted  with  a 
delivery-tube  (Fig.  47),  and 
is  gently  heated  in  a  water- 
bath  ;  the  gas  disengaged  is 
collected  in  dry  jars  by  down- 
ward displacement 

3KCia'  ^  2H-S0*  =  KCIO*  -f  2KHS0*  +  HH)  +  (JO* 

Put&<Miain  roUasinm       PotaMian  add 

chlorate.  perclil<>rat«.  tulphatou 

Chlorine  pon>xide  is  a  yellow  pis  having  a  sweetish  aromatic 
odor.  At  — 20^  it  condenses  to  an  orange-red  liquid.  Its  den- 
sity in  the  jraseoiLs  state  Is  33.75  (^hydrogen  being  unity).  This 
density  is  anomalous,  and  indicates  that  at  the  instant  the  liquid 
C1*0*  assumes  the  piseous  state  it  is  dissociated  into  two  more 
simple  molecules,  CIO*  -f-  CIO*,  which  occupy  four  volumes. 


Fio.  47. 


CP  .  O*       is  resolved  into  '      CI     O" 


+ 


CI 


v 


The  density  of  gaseous  chlorine  peroxide  is  then  only  half 
that  rcrjuired  by  the  formula  C1*0*. 

If  one  volume  of  hy«lrogen  weighs 1, 

one  volume  of  Cl'O*  ought  to  weigh      ....     67.5. 
But  it  weighs  only SS.75, 

which  proves  that  C1*0*  in  the  gaseous  state  occupies  foo^ 
volumes  instead  of  two. 

These  four  volumes  contain,  2  volumes  of  CI,  weighing  2  X  S5.6  —   71 

4  volumes  of  0,  weighing  16  X    4     «-   64 

m 
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Weight  of  one  volume,  or  density,  compared  to  H     .     .     —  —  —    35.T^ 


(IIII/IIUC   Aril)— PKRCHLORIO  Al'ID. 

CUorine  peroxide  ie  a  duigeroiu  body ;  it  mxuet 
DMupowfl  spontaneouftly  with  violent  eipliwions.  _ 

ll  is  soluble  in  wnLer,  and  tin.-  noluliun  may  lie  prepnred  by 
hwttng  on  a  waU-r-bH^li  u  luixtnrt'  of  eijuul  yuiXa  of  tixdio  auid 
iind  {K)taa6ium  I'hluruU.-.     Cnrbonii.'  lU'lU  uiid  chlorine  peroxide 
~  ~  13  tire  disengaged,  and  may  Ix!  pawwd  into  ivuter. 
Jhlarine  iwnixide  is  itlmfirlw*!  by  alkaline  solutions  with  ^ 
ttiun  of  a  uhlurata  and  a  ubloritv. 
ISKOIl      +  Clt)*  =      KCIO"      +       KCIO*  +   I 

CHLORIC   ACID. 


i  add  ifi  formed  by  the  sponlaijeouB  decomposition  of 
f  hypochlofous  and  chlorous  lu-'ida  and  chlorine  per- 


barium  cUlorule  with  dilul 
irecipiiates,  and  is  rerooYi 
foric  acid  is  coneentrated 


^l  may  I'e  prepared  by  troatiu; 
Enlpb uric  acid.     Barium  snif' 
by  filtration,  and  (he  solution 
erapomtion  in  vacuo. 

■If  chlorine  be  passed   into  a  concentrated  solution  of 
liline  hydrate,  a  chloride  and  a  chlorate  are  formed. 
[  6K0H  4-  6C1  =  5KC1  +  KCIO'  +  3H'0 

Obliiriir  acid  is  a  syrupy  liquid,  ordinarily  of  a  yellow  color; 
H  is  nut  very  stahlti ;  at  n  temperature  of  40°  it 
docompooc,  and  at  u  higher  temperature  it  is  resolved  into  per- 
chloiit-  acid,  clilorine,  oxygen,  and  wat«r.     It  has  extremely 
energetic  oxidising  propprtics;  when  concentrated,  ' 
inflstnes  sulplinr,  phosphorus,  alcohol,  and  paper, 
sulphuroiifi   and  phosphorous   acids   and  tivdro^n   sulphi 
With  hydrochloric  acid  it  forms  water  and  chlorine. 

IHCIC  +  5HC1  =  3H'0  +  aCl' 
PERCHLORIC    ACID, 
HCIO* 
fti*  is  the  most  rich  in  oxyjrcn  of  all  the  chlorine  n 
it  i»  a  curious  circunuatance  that  it  is  rIso  the  most  sti 
nay  be  prepared  by  distilling  potassium  perchlorat«  ti 
concent nitvd  solphurio  acid.     Roscoe  ohtjuns  it  by  diatillu 
chloric  acid,  which  is  prepared  by  decomposing  a  solution  q 
iUoTMc  bj  hydrofluosilidc  acid.     The  insoluble  ft 


I 

to  ■ 
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tassium  fluosilicate  is  separated  by  filtration,  the  filtered  liquid 
is  concentrated  until  white  fumes  appear,  and  then  the  distil- 
lation is  commenced.  The  product  must  be  rectified  after 
being  freed  from  the  chlorine  which  is  formed  at  the  same 
time. 

The  perchloric  acid  thus  obtained  is  a  heavy,  oily,  colorleae 
liquid,  resembling  concentrated  sulphuric  acid.  It  still  con- 
tains water,  which  may  be  removed  by  distillation  with  four 
times  its  weight  of  concentrated  sulphuric  acid.  At  about 
100°  dense  vapors  pass  and  condense  into  a  very  mobile,  yellow 
liquid ;  this  is  the  perchloric  acid  HCIO* ;  the  temperature 
then  rises,  and  at  200°  a  liquid  passes  which  solidifies  to  a 
crystalline  mass  on  cooling.  These  crystals  are  a  hydrate, 
HCIO*  +  H^O. 

The  pure  or  normal  perchloric  acid  has  a  density  of  1.782 
at  15.5°.  When  brought  into  contact  with  water,  it  combines 
with  that  liquid,  producing  a  hissing  noise.  Its  oxidiziog 
powers  are  so  energetic  that  it  explodes  on  contact  with  pi^fj 
wood,  or  charcoal.  It  may  be  mixed  with  alcohol,  but  with 
ether  it  explodes.  It  cannot  be  distilled.  The  hydrate 
HCIO*  +  H^O  melts  between  50  and  51°. 

CHLORIDES  OF  SULPHUR. 

When  a  current  of  dry  chlorine  is  passed  over  sulphur  healed 
in  a  retort,  a  liquid  condenses  in  the  receiver  which  fiimeB  w 
the  air,  has  a  yellow  color,  and  an  irritating,  fetid  odor.  This 
is  sulphurous  chloride,  S^CP.  In  order  that  this  compound 
may  be  formed,  the  sulphur  must  be  maintained  in  ex-cesB,  and 
the  operation  must  be  stopped  before  it  has  all  disappcMt^ 
The  product  is  purified  by  rectification,  that  part  being  collected 
which  passes  at  139°. 

When  chlorine  is  passed  for  several  hours  through  the 
chloride  of  sulphur  just  described,  the  yellow  color  of  the 
latter  changes  to  deep  red.  The  liquid  obtained  is  moWlCi 
fumes  in  the  air,  and  continually  disengages  chlorine.  It  can* 
not  be  distilled  without  decomposition.  The  product  which 
passes  is  at  first  red,  but  afterwards  assumes  a  lighter  color,  tni 
when  the  temperature  reaches  139°  there  remains  in  the  retort 
only  sulphurous  chloride,  S^CP. 

The  red  liquid  has  a  composition  which  corresponds  to  tli0 
formula  S*C1*.     It  is  called  perchloride  of  sulphur.     Cariui 


IB  B  mixture  of  tlie  uliluridu  S'Cl'  witl 
tride  8CI*,  correspondiD^  Ui  Biilpliuruiia  oxide. 
SO'  siitiiliur  dioxide. 
SOI*  sulphur  totracliloriJo. 
Ii>n%is  K^tnchloride  huH  livt^n  tMieritlj  i8olut«d  by  Michac. 
but  it  ran  only  e.x'tst  at  a  hw  ti>uiperaturo ;  it  deuomposcG  if 
chlnrinc  and  sulpliuritus  chloride.  S'C'l'.  as  soon  as  it  is  ren 
from  the  i'rcMsing  mixtrirc  where  it  him  been  condensed. 
~"  <  chlorides  of   sulphur    ure    employed   in   rulcanid 


BROMINE. 

V*por  ilvniilj  oom|iiLtBd  Iii  Hie  .  • 
Vkjior  daniitj  ooiapitreil  to  hydrogen 
AlOlnic  weight  Br 


77.11  (nenrly  80) 


^KOie  n 
^Hedto 


plromine  was  diswvered  lij  B4diird  In  lS2lj. 

iparatifln. — It  is  uhtained    liy  decomposing   potassium 
n<rinese  dioxidi:  and  sulphuric  ucid.    Potiissinm 
IphiUc  and  maugaucae  aulphato  arc  formed,  and  the  bromine 
is  lib«irated. 
2KBr  +  MuC  +  ZH'SO*  =  K'HO*  +  MiiSO'  +  SHK)  + 

■^ ...__..  ls,(Miliini      tl.ng>i>w 

<nl|il»U.        ■ul^lo. 

ds  operation  h  conducted  in  a  tubulated  raUirt,  heat«d 
d-balh,  and  the  brouiiuo  is  condensed  in  a  cooled 
to  the  retort  by  the  aid  ol'  ctu  ada[iter. 
The    potoiwium   bmmide  way  be   replaced  by  magnesium 
brouiide.  which  exints  in  (he  nurther-liijuoTB  of  salt-springa. 
Xu  UiiH  uwe  aijkgntvtium  Hiilphiitn  is  formed.     The  mother- 
»  of  the  Hidii  vtireoh  fnim  whinh  the  iodine  has  been  ex- 
d  are  nWt  euiplnycd  fur  the  prrpnrntinn  of  bromine. 

18. — Bromine  is  a  dark-red  liquid,  vhich  sohdifics 
Its  density  at  15°  ia  2.99.     It  boils  at  83°,  nnd  at 
fanry  tomperatures  gives  off  red,  irritating  vapors,  iiir 
f»por  tuneioD  is  coii8iderab!e  even  in  the  cold.     Itsiuins  ' 
■kiD  yellow,  and  iuiuit^iately  corrodes  the  tissues,     It  dissob 
in  about  33  liuieii  lU  weight  of  water  at  13°.  Ibnuiug  anora 
red  solittiod.     At  a  low  temperature  it  cotubliies  with  w: 
fonuiug  D  erystalline  hydrate.  Br»+  lOH'O,  annlogouB  to 
formed  by  chlorine. 


line 
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Bromine  dissolves  in  carbon  disulphide,  in  chloroform,  and  in 
ether. 

Experiment. — A  small  quantity  of  solution  of  potassium 
bromide  is  introduced  into  a  long  tube,  closed  at  one  end,  and 
the  tube  is  then  nearly  filled  with  chlorine-water ;  when  the  two 
solutions  are  mixed,  the  liquor  assumes  an  orange-red  color 
from  the  liberation  of  the  bromine.  The  tube  is  now  filled  up 
with  ether  and  agitated  briskly,  the  open  end  being  closed  with 
the  finger.  The  ether  passes  through  the  aqueous  solution 
and  dissolves  out  all  of  the  bromine,  assuming  at  the  same  time 
a  dark-red  color. 

The  affinity  of  bromine  for  hydrogen  is  powerful,  but  not  as 
energetic  as  that  of  chlorine.  Like  chlorine,  it  has  remarkable 
bleaching  properties. 

HYDROBROMIC  ACID. 

Density  compared  to  air 2.73 

Density  coin  pared  t*i  hydrogen 40.5 

Molecular  weight  llBr =a  81. 

Preparation. — This  gas  is  prepared  by  the  action  of  water 
upon  phosphorus  tribroniide. 

PBr»         +     {J'sjC     =     \^X(y     +       3HBr 

PhoMphortis  tribroniide.    3  molecules  water.    Phosphoruni  acid. 

The  operation  may  be  conveniently  conducted  in  a  doubly- 
curved  tube  ( Fijr.  48 ).  Into  the  long  branch  CD  fragments  of 
phosphorus  are  introduced,  carefully  separated  from  each  other 
by  moistened  broken  glass.  The  bromine  is  introduced  into 
the  bend  A.  The  shorter  end  is  then  corked,  a  delivery-tube 
adapted  to  the  end  D,  and  the  bromine  is  gently  heated  until  it 
boils.  The  vapor  comes  into  contact  with  the  phosphorus  and 
forms  phosphorus  tribronndo.  but  this  is  at  once  decomposed 
by  the  water  into  phosphorous  acid  and  hydrobromic  acid. 
The  latter  may  be  collected  in  jars  over  the  mercury-trough. 

Amorphous  phos})horus  may  be  advantageously  employed  in 
this  operation,  and  the  process  conducted  as  directed  for  hydri- 
odic  acid  (Personne).  HBr  may  also  be  prepared  by  passing 
hydrogen  charged  \^  ith  bromine  vapor  over  heated  platinum. 

Properties. — Hydrobromic  acid  is  a  colorless  gas,  producing 
dense  white  fumes  in  the  air.  A  litre  of  this  gas  weighs  3.547 
grammes.  It  liquefies  at  —  73^,  and  may  be  solidified  at  a 
lower  temperature.    It  is  formed  by  the  union  of  equal  volumes 
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of  bromine  vapor  and  hydrogen  without  condensation,  so  that 
its  compofiition  corresponds  to  that  of  hydrochloric  acid.     It 
is  very  soluble  in  water ;  its  concentrated  solution  fumes  in  the 
air,  and  is  very  corrosive. 
Chlorine  decomposes  hydrobromic  acid,  liberating  chlorine. 


Fio.  48. 

OXYGEN  ACIDS  OF   BROMINK. 

There  are  known  three  bromine  oxygen  acids  : 

Hypobromous  acid,  HBrO. 
Bromic  acid,  HBrO*. 
Perbromic  acid,  HBrO*. 

They  correspond  to  hypochlorous,  chloric,  and  perchloric 


Bypobromons  Acid,  HBrO. — When  mercuric  oxide  in 
^taied  with  an  aqueous  solution  of  bromine,  a  yellowish 
"luid  is  obtained  which  contains  hypobromous  acid,  and  can 
^  distilled  in  vacuo.  W.  Dancer  has  obtained  this  acid  by  the 
action  of  bromine  upon  silver  oxide  suspended  in  water. 

2Br»    +     Ag»0     +     H*0     =     2AgBr     +     2HBrO 

surer  oxide.  Silrer  bromide. 

Id  this  process  it  is  necessary  to  operate  rapidly  and  avoid 
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the  oontact  of  an  excess  of  silver  oxide  with  the  hypobromoos 
acid,  as  the  latter  would  be  destroyed  by  the  oxide  with  evola- 
tion  of  oxygen. 

2HBrO  +  Ag»0  =  2AgBr  +  H«0  +  0* 

The  solution  of  hypobromous  acid  has  a  yellow  color  and 
bleaching  properties  analogous  to  those  of  hypochlorous  acid. 

Bromio  Acid,  HBrO*. — Potassium  bromide  and  potassium 
bromate  are  formed  by  the  action  of  bromine  upon  a  concen- 
trated solution  of  potassium  hydrate.  This  reaction  is  similar 
to  that  of  chlorine  upon  potassa. 

Kammerer  recommendis  the  preparation  of  bromic  add  by 
the  action  of  chlorine  upon  bromine  in  presence  of  water. 

5CP  +  Br»  +  6H^0  =  ifiHCl  +  2HBrO» 

The  hydrochloric  acid  is  driven  out  by  evaporation,  and 
bromic  acid  remains  in  the  form  of  a  liquid  that  cannot  be  con- 
centrated to  a  syrupy  consistence  without  partial  decomposition. 

Perbromic  Acid,  HBrO*. — Kammerer  has  obtained  this 
acid  by  decomposing  perchloric  acid  with  bromine :  chlorine  is 
disengaged.  After  concentration  on  a  water-bath,  the  per* 
bromic  acid  remains  as  a  colorless  oily  liquid.  It  is  relatively 
stable,  as  are  the  corresponding  chlorine  and  iodine  acids.  lA® 
them,  it  resists  the  reducing  action  of  sulphurous  acid  and 
hydrogen  sulphide. 


^    IODINE. 

Vapor  density  compared  to  air     .     .    .        8.716 

Vapor  density  compared  to  hydrogen    .     125.1  (nearly  127) 

Atomic  weight  I =  127. 

Iodine  was  discovered  by  Courtois  in  1811,  and  was  stadiel 
by  Gray-Lussac  in  1813  and  1814. 

Natural  State. — Iodine  is  widely  disseminated  in  natuie. 
It  is  found  in  the  mineral  kingdom  combined  with  yarious 
metals,  such  <is  pot^ussium,  sodium,  calcium,  magnesiom,  tilTer. 
mercury.  The  alkaline  iodides  exist  in  small  quantity  in  aeft- 
water,  in  a  great  number  of  salt-springs,  and  m  certain  loek- 
salts.  The  sodium  nitrate  found  native  in  Chili  contains  tneei 
of  sodium  iodate,  and  the  mother-liquors  from  which  the  nitnte 
has  been  deposited  contain  enough  iodate  to  be  profitaUj 
employed  for  the  preparation  of  iodine.     The  ashes  of  oertain 


sea-plants,  such  a.s  the  al^ie  aud  t'uei,  are  the  most  abuii(hiiit 
sources  of  iodine. 

PreparatioiL — The  ashes  of  sea-weeds,  called  kelp,  are  ex- 
baasted  with  water  and  the  solution  concentrated.  Various 
salts,  such  as  Sodium  and  potassium  sulphates  and  chlorides 
and  sodium  carbonate,  are  deposited,  and  the  potassium  iodide, 
which  is  contained  in  smaller  quantity  than  these  salts,  remains 
m  the  mother-liquor. 

A  regulated  current  of  chlorine  is  passed  into  this  solution 
as  long  as  it  continues  to  set  free  iodine,  which  is  deposited  as 
a  pulyerulent,  black  precipitate.  An  excess  of  chlorine  must 
be  avoided,  as  this  would  redissolve  a  portion  of  the  iodine, 
forming  iodine  chloride. 

Another  process  consists  in  mixing  the  mother-liquor  with 
ordinary  nitric  acid  and  gently  heating  the  mixture.  The  alka- 
line iodide  is  decomposed  by  the  acid,  a  nitrate  is  formed,  red 
sapors  are  disengaged,  and  iodine  is  set  free, 

4HN0»  -f    2KI  =   2KN0»  +   2N0«  +   2H^0   +    P 

Ktiic  PoUuaiam         Potaoaiam  Nitrogen 

Mid.  iodide.  nitrate.  peroxide. 

The  precipitated  iodine  is  collected,  drained,  and  after  drying 
B  sublimed  in  stoneware  vessels. 

The  same  process  that  has  been  described  for  the  manufacture 
of  bromine  from  potassium  bromide  may  also  be  applied  for  the 
wtraction  of  iodine.  It  cotLsists  in  treating  the  iodide  with 
JJ^ganese  dioxide  and  sulphuric  acid. 

PfOperties  of  Iodine. — The  iodine  obtained  by  sublimation 
w*nr8  as  scales  or  crystalline  plates,  having  a  brilliant,  dark 
bluish-gray  surface,  and  a  density  of  4.948  at  17°.  It  may  bo 
t^btained  crystallized  in  rhombic  octahedra  by  exposing  to  tlie 
^  a  solution  of  hydriodic  acid. 

Iodine  melts  at  107°.  It  boils  at  about  175°,  but  volatilizes 
^bly  at  ordinary  temperatures.  Its  vapor  has  an  intense 
riA  ?iolet  color.    A  litre  of  this  vapor  weighs  11.82  p-ammes. 

Iodine  is  but  very  slightly  soluble  in  water ;  one  part  of 
Wine  requires  7000  parts  of  water  for  its  solution,  but  coni- 
municates  a  light-brown  color  to  the  whole  of  that  liquid. 
Alcohol  and  ether  dissolve  iodine  freely,  forming  dark -brown 
Bohitions.  Carbon  disulphide,  benzine,  and  chloroform  also 
disBolve  it,  assuming  a  beautiful  violet  color. 

Experiment. — If  a  few  drops  of  chlorine-water  be  added  to 
a  very  dilute  solution  of  potassium  iodide,  the  chlorine  will 
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combine  with  the  potassium,  displacing  the  iodine,  which  will 
color  the  liquid  brown  ;  if  now  the  solution  be  agitated  with  a 
small  quantity  of  chloroform,  the  latter  will  take  up  all  of  the 
iodine,  assuming  a  violet  color. 

Iodine  strikes  an  intense  blue  color  with  starch.  The  reac- 
tion is  very  delicate  and  permits  the  detection  of  the  smallest 
trace  of  free  iodine. 

Experiment. — If  a  few  drops  of  a  solution  of  potasaum 
iodide  be  added  to  a  solution  of  starch,  no  coloration  takes 
place,  because  the  iodine  is  in  combination ;  but  if  a  drop  or 
two  of  chlorine- water  be  added,  the  iodine  will  be  set  free,  and 
combining  with  the  starch  will  at  once  produce  the  character- 
istic blue  color.  An  excess  of  chlorine  will  again  destroy  the 
color. 

HYDRIODIC  ACID. 

Density  compared  to  air 4.44S 

Density  compared  to  hydrogen <U.l 

Molecular  weight  III =128. 

Prepaxation. —  Ilydriodic  acid  is  prepared  by  the  action  of 
iodine  upon  phosphorus  in  presence  of  water;  phosphorus 
triiodide  is  first  formed,  and  this  is  decomposed  into  phos- 
phorous acid  and  hydriodic  acid. 

PP    +     J{lf0»    =     J,}0»    +    SHI 

Phnspliorus  3  moloniles  Phoepliorous 

triiudidi*.  of  w titer.  acid. 

Amorphous  phosphorus  in  powder  is  introduced  into  a  ^^^^ 
stoppered  retort  the  neck  of  which  is  soldered  to  the  delivery* 
tube  (Fig.  49),  and  covered  with  a  layer  of  water;  the  iodio^ 
is  then  added,  and  on  the  application  of  a  gentle  heat  a  regul^^ 
current  of  hydriodic  acid  is  obtained.  The  gas  may  be  co*' 
lected,  like  chlorine,  by  downward  displacement  in  dry  jais. 

Properties. — Hydriodic  acid  is  a  colorless  gas  producio^ 
white  fumes  in  the  air.  It  may  be  condensed  to  a  yella^ 
liquid  by  strong  pressure  or  intense  euld,  and  can  even  be  8oli<^' 
ified.  Dry  oxygen  decomposes  it  at  a  high  temperature,  wat^ 
being  formed  and  the  iodine  being  set  at  liberty.  ^ - 

If  a  lighted  taper  be  applied  to  a  mixture  of  hydriodic  ad^ 
and  oxygen,  the  violet  vapor  of  the  iodine  set  free  is  instantly 
apparent. 

This  decomposition  of  hydriodic  acid  by  oxygen  takes  phw?^ 
at  ordinary  temperatures  in  the  presence  of  water.    A  solution 
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>f  hydriodic  add  expoaed  to  the  tur  rapidly  becomes  bro¥ra, 
md  afl«r  a  time  deposits  cmtak  of  iodine. 

Solution  of  hydriodic  acid  is  prepared  by  pasBing  the  gaa  into 
wftt«r  cooled  to  0°.  It  may  also  be  made  by  paseing  a  current 
of  hydn^cn  sulphide  through  water  holding  iodine  in  suspcn- 
don ;  hydriodic  acid  is  formed,  and  sulphur  is  precipitated 
H-S  +  P  =  2Hr  +  S 
The  saturated  solution  of  hydriodic  acid  haa  a  density  of 
1-1,  and  fumes  in  the  air.     When  freshly  prepared,  it  is  color- 


W;  when  heated,  it  loses  part  of  its  ^a^,  and  finally  distils 
Muitered  at  126°.  The  saturaled  solution  contains  57-7  per 
wil.  of  the  dry  acid. 

Chlorine  and  bromine  at  once  decompose  hydriodic  acid, 
wmbiDing  with  the  hydrogen  and  setting  free  the  iodine.  The 
^■periment  mar  be  made  by  pourin;;  a  few  drops  of  bromine 
iato  a  jar  filled  with  hydriodic  acid  gas,  when  the  appearance 
t>f  s  Tioiet  vapor  immediately  indientea  the  lilieralion  of  iodine. 

Potassium,  rinc,  iron,  mercury,  and  silver  decompose  hydri- 
irfic  add,  but  witJi  unequal  energies,  setting  free  the  hydr^n. 
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Sulphuric  acid  also  decomposes  it,  and  is  itself  redaoed  to  sol 
phurous  oxide. 

H'SO*  +  2HT  =  2H«0  +  SO*  +  P 

Nitric  acid  is  still  more  readily  reduced  by  bydriodic  acid. 

2HN(>»     +    2HI    =    2HK)    +        2N0«        +    P 

Nitric  acid.  NitroKen  peroxid*. 

IODINE  OXIDES   AND  OXYGEN  ACIDS. 

Among  tbe  compounds  of  iodine  and  oxygen,  iodic  and  peri- 
odic oxides  are  tbe  only  ones  known  witb  certainty.  The  ex- 
istence of  tbe  other  oxides,  although  possible  and  even  probable, 
has  not  been  fully  demonstrated.  These  compounds  would  form 
the  following  series : 

Ilypoiodoas  oxide PO 

lodoas  oxide PO* 

Iodine  peroxide PO^ 

Iodic  oxide PO* 

Periodic  oxide PO^ 

In  combining  with  water,  these  oxides  form  acids ;  it  is  only 
necessary  to  describe  here  iodic  and  periodic  acids. 

PO*  +  H^O  =  2IIIO»,2  molecules  iodic  acid. 
PO^  +  IPO  =^  2HIO*,2  molecules  periodic  add. 

IODIC   ACID. 
HIO»  =  T02(0H) 

Iodic  acid  is  formed  when  iodine  is  submitted  to  the  action 
of  ener«i:etic  oxidizing  agents,  such  as  concentrated  nitric  acid 
or  a  mixture  of  nitric  acid  and  potassium  chlorate.  It  is  alao 
formed  by  the  action  of  an  excess  of  chlorine  on  iodine  w 
presence  of  water. 

P  -j.  5CP  +  OH'O  =  lOHCl  +  2HI0» 

Preparation. — Iodic  acid  may  be  conveniently  prepared  by 
heating  iodine  and  potassium  chlorate  with  dilute  nitric  add. 
The  oxyjren  of  the  chlorate  oxidizes  the  iodine  to  iodic  add* 
and  on  adding  barium  nitrate  to  the  liquid,  barium  iodate  "* 
precipitated.  The  latter  salt  is  decomposed  by  sulphuric  acid'i 
iodic  acid  is  set  free  in  the  solution,  and  barium  sulphate  ^ 
precipitated  ;  the  filtered  solution  is  concentrated  by  evapoi*' 
tion  in  vacuo. 

Properties. — Iodic  acid  is  solid,  and  crystallizes  in  hc^' 
agonal  tables.     When  heated  to  170^  it  loses  water  and  i^ 


I  intti   iodic  tixiiln,  and    . 
■npuoed  into  iodine  nnd  oxj'gei 
]  tbat  iodic  ticid  ii 


I  hciit  the  InUei  i 
Btiiblc  tlmn  it 


Ii)^«,  tldiiriu  acid  ;  nevcrtfaelcas  it  is  ensily  reduced  by  bodji 
»vid  of  oxygen. 

If  sulpbnnins  ncid  be  nddod  to  a  solutioD  of  iodic  itcid, 
prwipttat«  of  iodine  is  formod  instantly,  hat  a 

n^tns  add  rcdissolvce  Ihc  precipitate,  part  of  the  water  buifl 
ED|in«od  and  hydriodic  and  HuLphurio  acids  being  farmed.  1 
Iodic  ncid  i»  also  decum[io»ed  by  liydriudie  ueid.     If  a  s  * 
tion  of  iodic  acid  be  poureid  into  a  solution  of  starch,  no  ct 
■tion   appcare.  but  the  eharai'i«riiitio  blue  eolur  ia  at  c 
dereloped  on  adding  a  drop  of  hydriudic  lu'id. 
H  HIO"  -t  5HI  =  IJH'O  +  31' 

B  PERIODIC   ACID, 

^■^is  ncid  has  been  oblnined  from  disiHiii'  pi'riiidiLtc,  a 
wluch  is  precipitated  when  a  ciutl'uI  of  clilorim'  is  passud 
through  a  solation  of  sodium  iodiite  niixi!<l  witli  Hodluiu  hydraHj, 

SalO*  +  SNaOH  -f-  CI'  =  10*  j  "J'.H'O  +  2NaCl 

ftodlun  UidUc.    Sndlum  h^rdnu.  filiodlc  prrlndMr,      Sudluia  cblsrlils. 

The  orysiaJline  prei-ipitate  is  dissolved  in  nitric 
lead  nitrBle  is  added  to  the  sulutinn ;  lead  |ieriodalc 
tated,  and  this  aalt  is  exactly  decoinpoiti-d  by  sulpbi 
the  li<|uid  iK  filtMRHl  to  ne^aiv  the  lead  sulphate,  and 
rat«I  at  a  j^ntle  heal.     Tlie  periodic  uuid  crystnllixes 
mlnrleiis,  deliqueaeent,  rhiindiic  pruins,  fusible  at  130''. 
■Mols  eoniuin  Il'IO*  4-  H'O.     At  IWI"  llicy  lose  water 
^Oonverl^  inUi  n  white  tniiss  of  periodiu  oxide. 

2tn'io'.n=0)  =  IK)'  +  sii't) 

etween  180  and  lWt°  periodic  oxide  abandons  oxyi.'cn. 
mvert«d  into  iodic  oxide.  P()*. 

Mc  acid  forms  several  varielies  of  salts. 

A<H'0 


lid,  and 
preeipi- 


Theti 


is    a    diarjrentjii    periodnte, 


H 


T0*<',.|;  *=    -\-  H'O,  correspouOJug  to  the  disodie  salt  l 


auditioned ;  but  there  is  oJno  i 
h  wrriwpo    '  " 


silver  periodale,   Aj;IO', 


I  t«  tlua  of  pefchJuriu  auid,  but  whiuli  bus  t 
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Analofiry  between  Ohlorine,  Bromine,  and  Iodine.-- 

Chlorine,  bromine,  and  iodine  present  a  striking  analogy  in  their 
chemical  properties,  and  this  analogy  is  seen  in  all  of  their  oom- 
pounds.  They  combine  with  hydrogen,  atom  for  atom,  forming  the 
acids  HCl,  HBr,  HI,  and  the  atoms  of  chlorine,  bromine,  and  imliiie 
are  equivalent  to  each  other  and  to  an  atom  of  hydrogen;  each  of 
these  elements  is  monatoniic. 

Their  affinities  for  hydrogen  are  far  from  being  eqaal ;  in  this  respect 
chlorine  is  more  powerful  than  bromine,  and  oromine  than  iodine. 
The  contrary  has  been  noticed  regarding  their  affinities  for  oxygen,  for 
the  oxygen  acids  of  iodine  are  more  stable  than  those  of  chlorine. 

The  analogy  between  these  three  elements  is  followed  out  in  the 
constitution  of  their  oxides  and  acids,  and  in  their  combinations  with 
the  metals.  The  chlorides,  iodides,  and  bromides  possess  in  genenl 
the  same  constitution,  and  it  is  to  lie  remarked  that  the  greater  nam- 
her  of  these  binary  compounds  are  soluble  in  water  and  are  crysUl- 
lizable  like  suits,  of  which  they  otherwise  present  the  characten. 
Hence  the  name  halogen  bodies^  which  was  applied  by  Berzelius  to 
this  group  of  elements,  to  indicate  that  they  form  salts  in  oombiniqg 
with  the  metals. 


FLUORINE. 

Fl  =  19. 

Fluorine  belongs  to  the  group  of  elements  just  considered,  bat  its 
chemical  energy  is  much  greater  than  that  of  chlorine.  It  exists  in 
the  common  mineral  fluor  spar,  which  is  a  compound  of  fluorine  and 
calcium.  It  has  recently  been  isolated  by  Moissan  by  the  electroljsiB 
of  anhydrous  hydrofluoric  acid  to  which  a  little  hy<ut)gen  potassium 
fluoride  was  adclled  to  give  the  necessary  electrical  condnctiyity.  The 
hydrofluoric  acid  was  introduced  into  an  U  tube,  each  limb  of  which 
was  furni&hcd  with  a  delivery  tube  of  the  same  metal,  and  a  platinam 
electrode  passing  through  a  fluor  spar  stopper  cemented  in  with  shel* 
lac.  The  tube  was  cooled  to  — 23°  in  a  freezing  mixture,  and  dur- 
ing the  electrolysis  hydrogen  escaped  from  the  delivery  tube  at  the 
negative  clectrcK^e,  while  fluorine  was  disengaged  at  the  positive  as  a 
colorless  pvLS  which  combined  with  arsenic,  antimony,  sulphur,  and 
iodine  w^ith  incandescence.  It  combines  explosively  with  bydrogeiiy 
even  at  the  low  temperature  at  which  it  is  formed,  and  acts  yioleotlf 
on  carbon  compounds,  setting  fire  to  alcohol,  ether,  turpentiiM^  and 
cork. 

HYDROFLUORIC   ACID. 

Molecular  weight  HFl i*  20 

This  compound  is  prepared  by  decomposing  powdered  cal- 
cium fluoride  with  sulphuric  acid. 

CaFl»     +     H^SO*     -     CaSO*     +     2HF1 

Cfcldnm  flaoride.  Calcium  sulphate. 


OXTOKFi   ACWB   OP   BROMINB. 

of  bmiuine  rapor  and  hydDgen  intliutit  nindcnsation,  eo  that 
iw  compoAititiQ  ciitreapundfe  to  that  'if  hydmchUirir.  add. 
is  Tvry  soluliltf  id  wattr ;  ito  (Hincciilniled  solution  lumes  ' 
aif,  and  ia  rerj  corrosive. 

Chlorine  decoaipoces  bjdrobruniic  ncid,  libeiratlng  cbloriM 

I 


OXYGEN   ACLDa   OF    llROMLMi. 

e  konwn  three  bromine  oxygen  acids  : 

Hypobri'iuous  aoiJ,  HBrO. 


'hluriu,  and  {lerchloriofl 

Xtbromoni    Acid,    HBrO. — WHien    mercuric   oxide   i 
1  nrii.h  un  3i|ni!aus  solutinn  iif  hrdiainc,  a  yellow' 
a  obtniiit'd  wbivh  L-nntains  hypiibnimous  acid,  and  < 
'led  in  TniMio.    W.  Dnnter  has  obtained  this  oeid  by  tb^<] 
f  briimiiii?  upon  sttrcr  oxide  suspended  in  water. 
+      Ag'O     4-     H'O     =     2AgBr     +     2HBrO   J 

aflniiiirdi  HIU«  bnqil.lc.  < 

to  ihia  pnoeas  it  ia  iiwessarj  to  opurat*  rapidly  and  a 
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traced  with  a  sharp  point ;  the  glass  is  then  placed  over  a  leaden 
capsule  containing  a  mixture  of  powdered  (»lcium  fluoride,  and 
sulphuric  acid  (Fig.  51 ),  which  is  gently  heated  by  a  spirit-lamp. 
Hydrofluoric  acid  vapor  is  disengaged  and  attacks  the  glass 
wherever  it  is  not  protected  by  the  wax.  When  the  wax  is  re- 
moved, the  design  is  found  to  be  permanently  etched  on  the  glaffi. 
A  dilute  solution  of  hydrofluoric  acid  or  a  bath  of  hydro- 
fluoride  of  ]>ota£isium  fluoride  may  be  employed  instead  of  the 
vapor  in  the  former  experiment,  but  in  this  case  the  etched 
portions  arc  transparent  and  not  opaque  as  when  produced  bj 
the  vapor ;  they  may  be  rendered  op^ue  by  adding  a  salt,  eadi 
as  potassium  or  ammonium  sulphate,  to  the  bath. 


NITROGEN. 

Density  compared  to  air 0.9714 

Density  compared  to  hydrogen 14.1 

Atomic  weight  N =14. 

Nitrogen  is  one  of  the  elements  of  the  air,  and  it  was  from 
^  that  it  wa.s  first  obtained  in  a  pure  state  by  Lavoisier  and 
Schecle,  in  1777.  To  obtain  nitrogen  from  the  atmosphere  it 
is  only  necessary  to  remove  the  other  element,  oxygen. 

Preparation. — A  flat  piece  of  cork,  B  (Fig.  52),  floating  in , 
the  pneumatic-trough,  supports  a  small  capsule  containing  a 

fragment  of  phos- 
phorus. The  latter 
is  inflamed,  and  the 
capsule  immediately 
covered  with  a  bell- 
jar.  The  heat  pro- 
duced by  the  com- 
bustion at  first  ex- 
pands the  air  and 
drives  out  a  portion, 
but  in  a  few  minutes 
the  water  rises  in 
the  jar,  taking  the 
place  of  the  oxygen 
which  has  been  con- 
sumed. When  the 
phosphorus  Is  extinguished,  the  experiment  has  terminated. 
The  water  gradually  dissolves  the  white  smoke  of  phosphoric 
oxide  which  fills  the  jar,  and  there  remains  a  oolorlefis,  ine* 


Fig.  02. 


«piral>le  piA  ibat  will  not  Euppnrt  uombuetdon.     Thu  ^ 
iiitnijevn,  filill  mixi-J  with  tnu-i!.i  iif  oxygen  anil  uarlMiiiu  lU'itl  gi 

1*111%  uitnigim  nuijr  ho  uhtoinisd  by  pjusing  a  tiirrout  of  a 
pTi'vi'iiKly  rrn;tl  frtim   uiniatiue  und  oarbuu  dinxidi;,  ttirough  a 
pvircolun  tTibe  coulnining  ineanduwent  ciippcr.     Th«  mippor 
iil>wtrb§  tilt!  oJtyp'U,  and  pnrii  nitrogen  paasiat  dut.  at  tlie  unii|« 
iif  the  tabe  and  luay  be  collected  uver  the  pneumutii-  tru 

Pan  nitrogen  mny  also  be  obtained  by  heuliug  uuiuit 
nitrite  in  n  gloM  relate ;_  nitrt^en  and  water  ure  found. 
(NlJ'iNff    =    aH'O      i-     N' 

FrOTMrtiM, — Nitnigen  is  a  colorlrae  giu,  Romewbat  ligbU 
than  tne  air.  A  litre  of  this  gas  weighs  1.257  ^rrammes.  T 
eztin^^iusheH  burning  bodiea,  and  ia  not  combiistible  itaelf ; 
prudu<!ea  uii  prevlpitate  in  lime-water.  Water  diasolves  only 
jlj  iif  iti*  volume  iif  nitTdgi-n  at  0°.  Animals  are  tjuiuklj  fluffo 
i^tetl  in  tin  atmospliL're  of  pure  nitn^n,  but  the  gae  doca  not 
i-xiTt  D  poisonous  influence  upon  the  eecinumy.  ^ 

Tbr-  aifiuitiGs  of  nitrogen  are  not  enei^tic,  It  combiM 
ilircfrtly  with  only  a  voi;  small  numlK-r  of  elements,  an)Otl| 
which  may  be  mentioned  oarbon,  silicou,  biiron.  aud  titni: 

Electrical  dischargcfl  of  bigh  tession  passed  through  nitro 
under  low  pressures  produce  a.  contraction  in  volume,  pr  ' 
owing  to  the  formation  of  an  allotropic  modification  of  tl 
ment.     This  would  explain  the  Tact  that  under  the  inl 
of  electrical  dIschHrgea  nitrogen  wilt  unite  with  oxygen,  font 
ing  nitrugea  peroxide,  and  with  hydrogen,  forming  a 
AMMONIA. 


Doully  Duniunred  (n  hviln'gcii M,t(U 

JtokwuUf  weight  NU' -17. 

—Equal  wcightn  of  <jiiic:k-lirae  and  «d  aa»~| 

the  mixture  introduced  into  it  glaas  fliwk,  which  ia  then  filled 
up  with  fragmenlfi  of  i|uiok-Urue.     A  cork  and  delivery-lube 
are  adapted  to  the  Oask,  which  is  then  gently  heated  and  t' 
gas  diiieiigiigeii  coU.H'led  over  mOTiiwry. 

Tbe    culciuin   uxiile  nr   lime   dcwmposca  the   amraoniiq 
chivrida    (aal    nmm'iniao).   with    tlic   formation    of    calcim 
pis,  and  water;  the  latter  is  absorbed  I 
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A  solution  of  ammonia  h 
the  gas  through  a  scries  of  Wolff's  bottles,  about  half  OUed  « 
water,  exc-cpting  tlio  first,  which  should  only  contain  a  null 
quantity  dustined  tu  wash  the  gas. 

Fhysioal  FropertleB. — ^Ammonia  is  a  colorless  gas,  having 
a  powerful  and  pun^rent  odor,  whieh  excites  tears.  Its  ta^ii 
burning  and  caustic.  It  niny  be  liquufied  by  a  temperature  of 
— 10°,  or  at  10°  under  a  pressure  of  Hi  atmospheres.  Fan- 
day's  method  of  li.'jucfying  it  is  as  follows  i  ammonia  is  paeeed 
over  drj-  silver  chloride,  by  which  it  is  absorbed.  The  silver 
chloride,  saturated  with  ammonia,  is  introduced  itito  a  bent 
tube  (Fig.  t3),  the  empty  limb  of  which  is  then  scaled  at  du 


^ 


Fio.  G3. 


Fio.54. 


blow-pipe.  The  end  contnining  the  chloride  is  now  heated  in 
a  waltr-hatli,  while  the  empty  end  is  cooled  in  a  fVecEing  mix- 
ture (FifT.  i>4).  The  nnimoniii  in  driven  out  from  the  rilver 
chloride,  iind  cundcnMCK  into  a  tmnHpurent  liquid  in  the  coolu 
branch.  Fiimday  suc(^eedcd  in  siilidifying  ammunia  by  snbjccl' 
ing  this  liijuid  to  rapid  evapomtion.  In  the  solid  state  it  is  • 
white,  cnstulline,  trans]iarent  substance,  fiisible  at  — 75°,  and 
havin<{  only  u  feeble  odor.  According  to  Buneen,  liquid  udbio- 
nialfoilsat — 35"  under  a  pressure  of  0.7493  metre;  its  dennlf 
is  0.7G. 

Ammonia  gas  i-s  very  soluble  in  water,  which  dissolves  1000 
tinies  its  volume  at  0°,  and  about  740  times  its  vohiine  it 
15°.  The  rapid  iil)si'>rpii(in  of  anmionia  by  water  may  bestnk- 
inp;ly  shown  by  the  following  cKjieriment.  A  bottle,  A  (Fig.55), 
is  filled  with  ammoni:)  pwa.  inid  fitted  with  a  cork,  tluvadi 
which  passes  a  tube  drawn  out  at  loth  extremities,  and  tte 
outer  end  of  which  is  scaled.  If  litis  end  be  plunged  ondei 
water  and  the  point  be  broken  olf.  the  water  at  once  rises  into 


the  bottje,  rormiDg  a  foootaia,  and  the  vessel  becomes  filled 
with  wat#r  in  a  very  short  lime. 
The  aqueous  tiolulii 


WHS  formerly  called  vol- 
atile nlkali  and  siiiriu 
of  haruhorn.  It  is 
largely  used  in  the  arts 
and  as  a  rea^eni.  Its 
dcnaty  ia  U.856.  When 
healed,  it  loses  amnioDia 
gas,  the  whole  of  wLit-h 
may  be  drJTen  out  by 
boiling, 

CompOiitioiL  of  Am- 
moma, — 200     volume 


r  ammonia  posBesica  the  odor  of  the 


1  ^asa: 


■udi- 


"mcler,     and     electrio  ._ 

fjnrks     are     passed 

liirnngh    the    gne    for 

Mine  time  bj  mcann  of 

iKahmWeoiUFig.  ""'"'■ 

I    5S).    When  the  experiment  has  terminated,  the  volume  of 

^  will  be  found  to  have  doubled.     21)0  volumes  of  oxygen 

tre  added  to  the  400  volumes  of  gas  thus  obtained,  and  a  epark 

I     it  patted;    an  explosion  tftkes  place,  and  after  making  the 


ateemtij  corrections  for  tempemture  and  pressure,  the  600 
nIameB  of  gas  are  found  to  be  reduced  to  150  volumes ;  450 
rolumes  have  thus  disappeared  to  form  water. 
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These  450  votutnes  must  have  contained 

aoft  voliiiDM  ur  hjdrogen, 

laO  vgluidM  of  uxjrgen.  

Conaequently  the  200  viilumea  of  ammonia  gas,  which  vm 
decomposed  by  tbu  spark  into  400  volumes,  must  buve  beeL 
formed  by  the  union  of 

3UD  talumca  of  hjrdrogeu, 
100  vulumeior  oiLnigea. 

The  latter  gas  remaiDS  in  the  eudiometer,  t^^ther  witJi  tbt 
60  rolumes  of  oxygen  that  were  employed  in  excess. 

From  this  aiiaiytus  it  is  seen  that  (wo  volumes  of  amiDHUi 
contain  three  volumes  of  hydrogen  and  one  volume  of  nitrogeii, 
a.  composition  which  in  expre.-tsod  by  the  formak  NIP. 
•  CbenuGal  froperties. — Ammonia  paa  is  decomposed  bj » 
high  temperature,  as  by  a  series  of  eleclrio  Bparks.  The  exjOT- 
ment  may  be  made  by  passing  the  gas  through  a  poroelaiu  tute 


Flo  B" 


filled  with  fnuniicnts  of  broken  pori  I  m  unl  In  m1i.-l1  tn  wliitfr 
ness,  und  eolleitm^  the  gas  rusultin^  li  ui  ilie  Ui;i.-<iui[HiHitiuniB 
veaaela  filkd  with  water  ( t  ig  5T )  1  Ins  gnu  is  found  to  ba  i 
mixture  ot    thrue  inlumes  of  hydrogen  and  one  volume  cf 

The  decomposition  takes*  place  more  readily  il'  iron,  copw, 
or  platinum  wiros  be  introduced  into  the  poroehun  tube.     Th> 


InUer  uteUl  is  not  allvred,  hut  the  iron  sad  copper  becou 
brittle  and  rctiuu  u  tew  per  cent,  of  nitrogen.     The  decouipc 
iiiiiiQ  at  tilt)  aiuuiituia  bt'ems  here  to  he  favored  bj  the  I'un 
tjon  of  niebillic  niiriilui,  iiuatable  coiupouniii  wliiih  a 
eoiirely  dei'oiup'UHMj  hy  the  jiriilouged  ut-lioa  ui'  (lie  hfiil. 

Aninidniu  gu«  will  uol  burn  in  ihu  Hir,  but  u  mixture  ul'  t 
iriixitaci  of  MUUiiinlii  and  thruu  vuluuies  of  uxy;j;en  will  explod 
on  Uu!  appliuitiuu  nf  u  flujue. 

2xNU'  -[-  O"  -^  aH'O  +  N' 


Ammonia  will  bnrn 


ihmu^h  a  tube  drawn 
iiiit  tu  »  point  may  be 
icDit«d  oD  tb<i  iofltaat 
tnat  it.  is  pluitj^  into 
a  jar  of  osj^r,  and 
will  coulinuo  lo  burn 
with  a  jiellowisb  flame 
until  the  oxygen  w 
TOiiBumed  (Fi^-.  58). 
Iniiepi-riUiutJy    ol' 


;phero  of  ojtygen.     A  jetol 


this 


UDilergii  a  stow 
bution  nndrr  ibu  H'l- 
bwing  ronditioitg : 

Tho  vessel  A  (Fi-  i  ■ 
above  whieh  ia  BUMpfnik-d  !i 
liuD  is  i^iilly  ht'ated,  and 
fotrod  throuiib  it.  The  i 
uumi!  in  (-oiitaet  witli  the  ph 


■  ■!■.      ■      -■luiinii  (if  ammoni 
.pirnl  iifjikitinum  wire.    The«olib^ 
1  rapid  current  of  oxygen  gas  i«  J 
ixed   ammonia  and  osygen  gtues  f 
_      inum  gptral  and  combine  together, 
loping  so  much  heat  thai  the  spiral  ia  heated 
vi^jwpl  soiuetimes  becomes  filled  with  white 
n  nitrite.     Tho  nitrous  acid  is  produiwl  by 
tb>-  slow  Dxidaliou  nf  the  ammonia,     If  a  mixture  of  oxygen 
and  Biumiiniii  gasm  lie  pawed  through  a  heated  ttibe  contain-  ■ 
ing  spongy  platinum,  nitric  acid  and  water  will  be  fonned  J 
ud  diwogsg^  in  rnpor. 

■  'Afltion  Df  Chlarine  and  Iodine  npon  Ammonia. — Chlorina^ 
"inily  dccoinpoHCH  uuiitiimia,  eoinbininij!  with  iH  bydriigeB 
■  drawaHnit  tube  thruu|rh  which  ajetofai 
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be  plunged  into  a  bottle  filled  with  dry  chlorine  (Ilg.  60),  Uu 
ammonia  takes  fire  immediately,  and  white  vapon  of  amino- 
nium  chloride  are  formed. 

4NH'  +  CI'  =  3NH*C1  +  N 
If  a  long  tube  closed  at  one  end  be  aimost  entirely  filled 
with  saturated  chlorine  water  and  then  filled  up  with  a  wh- 
tion  of  ammonia,  and  quickly 
inverted  on  the  pneumitic 
trough,  the  lighter  solution  of 
ammonia  will  rise  throueh  tk 
chlorine-water  and  will  M  de- 
composed according  to  the  pit- 
ceding  equation.  Ammoniiui 
chloride  will  remain  in  solotiw, 
while  the  nitrogen  will  coUcel 
at  the  top  of  the  tnbe. 

Hitrogea  (%loride. — Under 
other  conditions  the  nttrogeo 
may  combine  with  the  chlorine, 
%  forming  a  very  explosive  and 
diingL-rous  compound,  nitrogen 
chloride, 

'TliixcKperiment  may  be  m*^ 
as  follows :  A  sraall  jar  of  cblo- 
'"■  ''  ■  rim-  if  inverted  in  a  aaucercon- 

taining  a,  solution  of  ammonium  cliluride.  The  ammonia  of 
this  salt  is  slowly  decomposed  by  the  c-hlorine,  with  the  for- 
mation of  hydrochloric  acid  and 
nitropcn  chloride. 

As  the  chlorine  is  absorbed,  tb* 
level  of  the  lit[uid  in  the  JM  ris* 
and  a  drop  of  a  yellow  liqtrid  »on 
L-olk'L'ts  on  (Ik;  surface.  A  li^ht  tap 
on  (111'  vt'hsci  causes  it  to  sink  throof^ 
the  f^olutitin  into  the  saucer.  Tb>> 
oily  body  is  nitrogen  chloride.  Tl<e 
jiir  may  now  lie  removed  and  a  email 
[licce  of  pliosphorua  thrown  into  the 
saucer,  and  {lutthed  from  a  diaUiM 
towards  the  drop  of  nitrogen  cbloiida 
by  the  aid  of  a  long  wooden  led. 


FiQ.  60. 
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Ab  soon  as  the  two  subetanoes  oome  into  contact,  the  nitrogen 
chloride  explodes  and  the  saucer  is  broken  into  pieces. 

The  formula  NCP  has  been  attributed  to  this  body. 

Hitrogen  Iodide. — There  is  another  explosive  compound 
analogous  to  nitrogen  chloride,  but  containing  iodine.  It  is 
obtained  as  a  black  powder  by  treating  powdered  iodine  with 
ammonia;  when  dry  it  explodes  with  great  violence  on  the 
lightest  touch,  and  sometimes  spontaneously.  Bunsen  has 
attributed  to  it  the  formula  N*HT. 

According  to  Stahlschmidt,  the  composition  of  nitrogen 
iodide  corresponds  to  the  formula  NF,  when  this  body  is  pre- 
pared by  the  action  of  an  alcoholic  solution  of  iodine  upon 
aqueous  ammonia ;  but  if  both  bodies  be  in  alcoholic  solution, 
an  iodide  is  obtained  having  the  formula  NHP. 

If  this  be  correct,  these  bodies  present  very  simple  relations 
with  ammonia. 

(h  (cl  |l  (H 

AmmuniA.  Nitmgeo  chloride.     Triiodammonla.     Diindammonia. 

Trichlorammoaia.  Nitrogen  iodides. 

The  substitution  of  the  chlorine  or  iodine  for  hydrogen  takes 
place  atom  for  atom. 

Action  of  Potassium  upon  Ammonia. — When  potassium 
is  heated  in  an  atmosphere  of  ammonia,  the  brilliant  surface 
of  the  metal  becomes  covered  with  a  greenish-black  liquid, 
and  at  the  same  time  hydrogen  is  disengaged.  The  metal 
entirely  disappears  little  by  little,  and,  on  cooling,  the  liquid 
solidifies  to  an  olive-green  mass.  This  substance  represents 
ammonia  in  which  one  atom  of  hydrogen  has  been  replaced 
^J  an  atom  of  potassium. 

H)  K) 

H  V  N  =  Ammonia.  H  >-  N  =  Potassium  amide. 

h3  HJ 

When  it  is  treated  with  water,  ammonia  is  regenerated  and 
potassium  hydrate  is  formed. 

KNH'    +     H^O    =    KOH    +    NH^ 

Potas«iam  amide.  Potassium  hydrate. 

Ammonium  Amalgam. — If  liquid  amalgam  of  potassium 

or  sodium  and  mercury  be  treated  with  a  saturated  solution  of 

unmonium  chloride,  the  amalgam  increases  in  volume,  assumes 

a  buttery  consistence,  and  is  converted  into  a  soil,  light  mass 

a  18 
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• 

having  the  metallic  lustre  of  mercury.  It  will  retain  the 
impression  of  the  finger  and  will  float  upon  water ;  hut  it 
gradually  decomposes,  losing  hydrogen  and  ammonia,  and  only 
mercury  remains.  This  unstable  body  is  called  ammonium 
amalgam.  In  it  the  mercury  is  combined  with  a  group,  NH', 
which  contains  all  of  the  hydrogen  of  the  ammonium  chloride, 
the  chlorine  of  which  has  combined  with  the  potassium. 

NHIHCI    —    CI    =    NH* 

Ammonium  chloride.  Radical  ammoniom. 

It  has  recently  been  found  that  the  ammonium  amalgam  is 
very  compressible,  and  that  its  diminution  in  volume  under 
pressure  sensibly  follows  Mariotte's  law.  It  has  hence  been 
concluded  that  the  ammonium  does  not  exist  in  combination 
with  the  mercury,  and  that  the  increased  volume  of  the  latter 
is  due  simply  to  an  absorption  of  gas.  It  is  difficult  to  admit 
this,  for  the  compressibility  of  the  ammonium  amalgam  proveB 
only  that  the  compound  has  no  stability,  and  begins  to  decom- 
pose almost  immediately  on  its  formation.  The  disengaged 
gases,  which  are  in  the  exact  proportion  NH'  -f  H,  may  be 
retained  by  the  pasty  amalgam  remaining :  they  could  not  be 
absorbed  by  the  liquid  mercury. 

Ammonium  Theory. — The  reaction  which  has  just  been 
described  is  of  great  importance,  and  directly  supports  the 
ammonium  theory  suggested  by  Ampere.  According  to  this 
theory,  the  ammoniaeal  salts  are  analogous  in  constitution  to 
ordinary  salts,  from  which  they  diflfer  only  by  the  substitution 
of  a  compound  radical,  ammonium,  for  a  simple  radical.  The 
following  I'ormulae  explain  this  proposition  : 

NIP.IICl         =    (NH*)C1      analogous  to     KCl 

Ammonium  chloride.  PbtaMinm  diloride. 

NHIHNO'      =    (NH*)NO'  analogous  to     KNO» 

Ammonium  nitrate.  Potaasiiiiii  nitzmte. 

Nff.H^S         --=     "^hJS    analogous  to     ||s 

Ammonium  sulpliydrate.  Potandam  solphjdiate- 

CNH»)'.H'S    =-.     ^' J I  S    analogous  to    ^  J  S 

Ammonium  sulphide.  PotaHtnm  talpbide. 

AMMONIUM  CHLORIDE. 

NH*C1 
This  salt  was  formerly  obtained  from  E^pt,  where  it  wa0 
made  by  subliming  the  soot  produced  by  we  oombuatioii  (rf 


I  AMMilNIUU  HIT  LI' II  VHB  ATE  AN[I  All 

runcl's  dnng.  It  is  now  prepnred  m  hvtga  quautitiue  Iroiu  ^ 
lii^uor,  or  'ho  wai«r  coniletiied  in  the  monafiicture  and  punfi--' 
ration  of  illaniinalin};  eiw  from  pobI.  This  licjnor  is  heated 
with  lime,  ammonia  ii^  diBcngngctl  und  U  coiiducl«d  into  hydro- 
cldoric  aiifl,  Annnoniutn  chlorido  la  obtained  by  simply 
cvaporalii)^  the  solution.  Tt  ia  purifioH  by  diiblimation  in 
fttooewure  pobi  wbich  »rv  bealcd  in  a  hirnac<>  out  ui' which  the 
iippiT  jjartB  of  the  putji  project.  Ther*  the  vulutiliKed  chloride 
cdiidt'iv^cD.  and  tbe  sublimed  product  is  luiown  io  (.'umnieree  as 
sal  unmmiiac,  or  muriato  of  iimmnnia. 

Il  i^enlly  occurs  as  white  or  grayish, 
haviiif!  a  cryslallinu  fibruua  Hlrut^tttre.     lis  lasti^  is  ttharp 
Ntlty.     It  dmilves  in  two  and  n  hair  [inrta  of  (.-old.  luid  i 
uwn  wc-ifilit  uf  boiling  wbAct.     It  is  deTH>6it(?d  from  a  riaui 
mivd  aulutiuii  ill  etiiall  iiutahedra,  jptia^nd  UigL'the: 
4nd  |iTVBt!utio];  a  li:rn-lciif-lik(!  nppcniancv,      At  a  high  t«m 

[L-raiure  it  vulatiltzett  without  meltiug ;  ita  vapor  i^  di^MioiuieJ 
Dl  tliv  roulliiig  Nil'  uud  IICI  Nt  ouoe  recotnblut)  on  coolinj 
ABunonium  tldorido  is  formed  by  the  union  of  oqual  v 
tfUM  uf  hydrucUloric  ucid  und  a 


t 


:ONrtTM    sm.l'HYDRATE     AND     AMMONIUM  ■ 
SULPHIDE. 
Ijdrotreii  siilphidt!  und  nmmonia  gsiHet*  unite  in  the  coldl 
ihffprent  proportions,  forming  iwo  eonipounds,  ammo-l 
>ulphydrnt«  and  ammnnium  solphidc. 


ll'S        -I 

HRvni  •ntpfaldiL 


NH' 


NH' )  ^ 
NH* )  ^ 


e  eomponnds  aw  definiti!.  hnt  an-  dw 
B  by  rn'iil,     Hontniaiui  and  Salt't 


m]iosed  into  thtd 
e  hhowii  that  hfi 
1  fiutjibide  and  ituiiuoiitu  putva  niuy  he  mixed  in  all  pni 
DB  without  wiitraotloii  iu  Tuluiuti  biking  plaoe.  provide 
tDperntUTo  be  uiuintaltmd  above  liO'. 

n  sulphydrat*  i»  ff^.nf.nAy  obtoiued  in  solulioa  by 
9  ammoniu  with  hvdrunen  sulphide.  This 
e,  but  np<|uiri^  a  ydlow  oolor  on  oxpoeure  to 
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the  air.  When  a  Quantity  of  ammonia  is  added  to  it  eooal  to 
that  which  it  already  contains,  ammonium  sulphide,  (NH^J^, 
is  formed,  which  corresponds  to  potassium  sulphide,  K'S. 

Ammonium  sulphide  is  largely  employed  in  the  laboratory 
as  a  reagent  for  the  detection  of  certain  metals. 

If  ammonium  sulphide  be  added  to  a  solution  of  ferrous 
sulphate,  a  double  decomposition  takes-  place ;  ammonium  sul- 
phate is  formed  and  remains  in  solution,  while  ferrous  sulpliide 
forms  a  black  precipitate. 

FeSO*      +     (NH*)«S     =      FeS      +     (NH*)»80* 

ferroas  sulphate.  Ferroiu  salphido.     Anunooinni  •olphate. 

The  salts  of  zinc,  manganese,  cobalt,  and  nickel  are  likewise 
precipitated  as  sulphides  by  ammonium  sulphide. 

The  salts  of  aluminium  and  chromium  are  precipitated  tf 
hydrates,  hydrogen  sulphide  being  disengaged. 

The  preceding  salts  are  not  precipitated  by  hydrogen  sul- 
phide (the  zinc  salts  arc  not  precipitated  if  they  be  acid),  but 
the  latter  reagent  precipitates  in  the  form  of  sulphides  the  salts 
of  lead,  bismuth,  copper,  cadmium,  mercury,  silver,  antimony, 
tin,  gold,  and  platinum.  The  sulphides  of  the  latter  four 
metals  dissolve  in  an  excess  of  ammonium  sulphide. 

The  sulphides  of  arsenic,  tin,  antimony,  gold,  and  platinum 
all  form  compounds  with  ammonium  sulphide,  in  which  the 
latter  plays  the  part  of  a  base. 

AMMONIUM  NITRATE. 

(NH*)NO» 

Ammonium  nitrate  is  prepared  by  saturating  nitrio  wA^ 
with  ammonia.  It  cryst^allizes  in  large,  transparent,  fusible 
prisms,  which  are  very  soluble  in  water  and  produoe  a  notable 
depression  of  temperature  in  the  act  of  solution,  extendiol^ 
even  to  — 15°.  At  1^00°  ammonium  nitrate  is  decompose^ 
into  nitrogen  monoxide  and  water.  It  is  used  for  the  prep*" 
ration  of  nitrogen  monoxide,  much  used  as  an  ansoBthetic. 

AMMONIUM    CARBONATE. 

When  dry  carbon  dioxide  and  ammonia  gases  are  mixed  io 
the  proportion  of  2  volumes  of  the  first  to  4  volumes  of  the 
second,  they  condense,  forming  a  white  powder,  which  is  sib- 


I   StTLPUATK IirDaOXVLAMINE. 


I  uarbaiuute,  a  oooipDunil  which  waa  formerly  C 
xnfajrdraiu  vurbuuHte  of  uiuuiutiia. 


CO'    +    2NH'    = 


^Ptlie  ammonium  rarbon»l«  of  commerce  is  generally  coi 
wedMOBcsquicBriKmate.    It  contains  2[C0*(!lH'j']  +  CO' + 
^H'O.     It  is  iibtitined  by  heating  a  mixture  of  equal  parts  of 
mDinonitim   sulphate   aud   c-hulk    in    a   subliming   apparatue. 
Ammunia  and  wato  are  diacogaged,  and  the  sesi^uicarboi 
of  ammonium  NiiMimea. 

KecenOy  sublimed  amaonium  tieaqaii^urbonat«  ia  transput 
and  L>Tyat«]line.  It  hna  a  irtmiig  ummoniacal  odor  and  a  sb 
oinHtic*  tuKtv.  When  exjiosod  to  the  air  it  gradually  1( 
iu»m»ntu  nod  is  converted  into  ammonium  acid  carlionatti. 

Ammonium  Acid  Cnrbonate. — This  salt,  which  is  com- 
monly known  as  bieaibunalc  of  nnunonia,  may  bi^  obtained  liy 
poking  a  (.-urrent  of  carbonic  add  gaf  into  aqueous  ammonia, 
to  sataruion.  The  acid  salt  separates  in  right  rhombic  prismB. 
The  Bcutmi  carbonate  of  ammonium  crysiallieea  from  a  cooled 
solution  of  the  seHquicarbonat^  in  ammonia- water.  These  salta 
present  the  following  relations  to  the  hypothetical  carbonic  aciii 
^ONH*  rn^*^^"'        ' 


C0<" 


co<X 


(tlllvlllltl 


AMMONIUM   SULPHATE. 
(NU*)'SO* 
i  salt  is  obl4uue0  in  the  urts  by  passing  the 
t  is  diseniji^d  when  gsH-liquor  is  heat«d  with  lime 

B  nilphuric  add.     It  crystnlliies  in  right  rhombic  prisms. 
'%  is  colorless  and  lias  a  stinr|*  taste.     It  dissolves  In  t\ 
iroM,  and  in  its  own  vri-ight  of  boiling,  water.     It 
|nU«  it)  alcohol. 

HrDROXYLAMIXE. 
NH'fOH) 
•  nmmrlcable  compound  was  discovered  by  Lossen. 
roMl  when  ethyl  nitrate  i^  reduced  by  tin  and  hydro 
C  Bcid.     It  is  also  a  prudui.-i  of  the  action  of  dilute  nitri 
upon  tin,  and  that  of  hydrochluric  acid  and  tin  upon  a 
aiam  nitrata. 


a  cooled  j 

lese  salta^^^J 
oic  aciij^^^H 

ammonia  Q 
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Finally,  Lessen  has  prepared  it  synthetically  by  paasine  « 
current  of  nitrogt^n  dioxide  over  tin  moistened  wiUi  hjdro- 
chloric  acid,  which  determines  a  disengagement  of  hydrogen. 

2N0  +  3H'  =  2[NH*(0H)] 

In  the  first  reactions  the  nitric  acid  is  reduced  by  the  hy- 
drogen resulting  from  the  action  of  a  dilute  acid  upon  tin,  and 
which  is  then,  just  as  it  is  set  free,  in  what  is  called  the  nascent 
Htitie 

k^NO^  -1-  3IP  =  2H«0  +  NH*.OH 

Nitric  ttcid. 

The  hydroxy lamine  thus  formed  remains  in  the  liquid  com- 
bined with  an  excesskof  acid.  It  possesses  the  properties  of  an 
energetic  base.  It  forms  definite  salts  with  the  acids,  and  can 
be  regarded  as  ammonia,  in  which  the  group  OH  (hydroxyl) 
has  been  substituted  for  one  atom  of  hydrogen.* 

(  H  (OH 

n'h  N^H 

(H  U 

Ammonia.  Hydroxy  Umine. 

Thus  far  it  has  nut  b(»en  isolated ;  when  a  solution  of  potaa- 
sium  hydrate  is  adde<l  to  a  concentrated  solution  of  a  salt  of 
hydroxy  lamine,  nitrogen  is  disengaged  atid  ammonia  is  formed. 

8u\ir'.0H)  .  -  N^  +  NH^  +  3H«0 
Lossen  has  obtained  an  aqueous  solution  of  hydroxylamine 
by  (le(;omp(>sing  a  <lilute  solution  of  hydroxylamine  sulpbatfi 
with  thi?  exact  (juantity  of  baryta-water  sufficient  to  precipitate 
the  .sulphuric  acid.  ..,  y 

Hydroxylamine  possesses  reducing  properties;  it  pre^' 
tates  copper  and  mercury  in  the  metallic  state  from  solution* 
of  their  salts. 

OXYOEX  COMPOUNDS  OF  NITROGEN. 

Five  compound.^  of  nitrogen  and  oxygen  are  known. 

ATOMIC 
(•OMI»OSITIOX.  VOLrMKTRIC   OOMPOSITIOK. 

Nitropen  monoxi<lc,  or  nitrous 

•  oxide N'O      2  vol.  N  ami  1  v.  0  oondensed  in  Sy> 

Nitrogen  dioxide NO        1  vol.  \  and  1  v.  0  «lT. 

Nitrogen  trioxidc      ....  N^C    2  vol.  N  and  3  r.  0  condensed  in  It. 
Nitrogen  tetroxide,  or  nitrogen 

peroxide N^O^     2  vol.  N  and  4  t.  Ooond«ued  in  !▼. 

Nitrogen  pentoxide,  or  nitric 

anhydride N>0^    2  vol.  N  and  5  r.  0  condented  is  St. 

1  An  amine  in  a  compound  representing  NIP  in  which  one  or  more  atoui  of 
II  are  replaced  by  equivalent  atoms  or  groups. 


KITEOdKN    MOXOXILIK. 


11   triosiilc    nt 
\  forming  nitrous  n 
N'O-        + 


I J  nitrii-  ucids. 
H'O 
Il'O        = 


miJu  i^ombine  with 

2HN0* 
211  NQ» 

DmUf  caBi]iareil  to  (.ir    .S/   .  f         a  ■       I. SIT     «  j-" 

DcDillr  c<Fin|Mtt-l  (0  liyJrogcii        .    .         "  .    ;:,*'••'' 
MoltoDlw  wHghl  N'O  .    .....     -)t..Wl».7V 

s  ipBs,  knowii  alao  us  protosidt'  of  iiiirogfn,  nitrous  o: 

8  disouveruii  ty  Priestley  in  177t>. 
ipsTfttifllL — It  u  obtaiued  by  ^L-Tilly  heating  Amtnooia 
u  );luHB  retort.     The  s&lt  lueltu,  uoi]  tlicn  decompc 


with  effervKseuncti  x\\\a  'H\i\i&x  and  uitcugt-'u  i 
may  be  collected  over  waWr  iFig.  61). 

jfrojaTtiet. — Nitrofrcn  nHinoxide  is  colorless  and  odorleaa, 
but  )iiin~.'«ieH  H  flWtiGtiah  tiuit«.  It  is  not  pcnnanent,  and  may 
ht  lii|iii:fit.>d  by  strong  prcfisuri.',  It  is  liijiioficd  on  a  conHider- 
iibli'  Builu  at  proaenl,  that  it  umy  im  trauMported  in  small  bulk 
fur  the  iuh:  of  deulialn.  Fcir  this  [mrposis  it  is  compresaod  in 
strong  iron  rcecrToira  from  which  it  may  bo  easily  drawn  in 
i4iw  liquid  state  for  eiporimeuts  afl«r  iiret  cooling  tlie  reaer- 
'd  ic«  and  salt, 

remarkable  experiment  can  be  performed  as  follows ;  A 

'  f  of  liquid  nitro^ren  monoxide  la  poured  into  ateRt^nbo 

ly  a   i-ork  in  the  neuk  of  &  bottle ;  a  portion  of  it 

r  vulatiliso^,  pruducing  inlenae  eold,     If  now  u  i 

11  the  tube,  it  will  sink  through  t 

mediately  be  aulidi&ed.     A  small  pied 
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Jk|^>*    ^,^ 


Fio.  62. 


of  incandescent  charcoal  let  £dl  into  the  tube  wiU  float  upon 
the  surface  of  the  monoxide,  and  bum  with  great  brillianCT, 

notwithstanding  the  intense  oold 
by  which  it  is  sorroanded,  as  evi- 
denced by  the  freezing  of  the 
mercury  (Fig.  62). 

Water  diefiolves  about  its  own 
volume  of  nitrogen  monoxide  it 
ordinary  temperatures. 

A  taper  which  has  been  extlki| 
gnished,  but  still  bears  a  sptA 
of  fire,  is  relighted,  and  bonfl 
brilliantly  when  plunged  intot 
jar  of  nitrous  oxide  (Fig.  63). 
In  the  same  manner,  the  combustion  of  sulphur  and  phos- 
phorus is  effected  with  grett 
energy  in  an  atmosphere  of 
this  gas. 

Equal  volumes  of  nitroos 
oxide  and  hydrogen  form  a 
mixture  which  explodes  on 
the  passage  of  an  electric 
spark  or  on  the  application 
of  flame. 

N«0  +  H*  =  H«0  +  ^ 

2  2  i  i 

Tolumet.  Tolunea.  Tolomet.  volo**''. 

Respiration  is  a  slow  com- 
bustion and  may  be  smtained 
for  a  few  seconds  by  nitro^ 
monoxide.  Such  inhalation 
does  not  suffocate  but  it  di^ 
turbs  the  functions  of  the 
nervous  system,  producing 
anaDsthesia,  and  for  this  pur- 
pose nitrous  oxide  is  now  largely  employed  by  surgeons  and 
dentists.  The  insensibility  is  fre(|uently  preceded  by  a  stap 
of  intoxication,  hcn(re  the  name  laughing-gas^  which  was  ff^ 
by  Davy. 

It  must  be  added  that  these  exhilarating  effects  have  not 
been  observed  in  recent  experiments  upon  perfectly  pure  nitro- 
gen monoxide. 


Fig.  63. 


NITBOGSN  DIOXIDK,  OR  NITRIC  OXIDK. 
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NITROGEN  DIOXIDE,  OR  NITRIC  OXIDE. 

Density  eompared  to  ftir 1.039 

DeDsitj  compared  to  hydrogen 15. 

Moleealar  weight  NO =»30. 

Pnparation. — ^This  gas  was  discovered  in  W2  by  Hales; 
it  is  prepared  by  decomposing  cold,  dilute  nitric  acid  by  metallic 
copper. 

3Cu  +  8HN0»  =  3Cu(N0»)'  +  4HK)    +  2N0 

Copper.         Nitric  add.  Cnprlc  nitrate. 

The  copper  and  water  are  introduced  into  a  gas-bottle,  and 
ordinary  nitric  acid  is  added  by  means  of  a  funnel-tube ;  the 
copper  is  immediately  attacked  and  dissolved,  forming  cuprio 
nitrate  (Fig.  64),  and  at  the  same  time  nitric  oxide  gas  is  dis- 
engaged.    This  gas  absorbs  oxygen  from  the  air  and  is  con- 

0 


Fig.  64. 

Verted  into  red  vapors,  which  are  at  first  apparent  in  the  gas- 
l^le,  but  as  the  evolution  of  nitric  oxide  continues,  the  gas 
wi  the  flask  gradually  becomes  colorless,  and  may  then  be  col- 
*ct€d  in  jars  over  water. 

Propertief. — Nitric  oxide  is  a  colorless  gas.  It  has  recently 
'^n  uquefied  by  Cailletet.  It  is  decomposable  by  heat,  but 
less  easily  than  the  monoxide.  It  Is  scarcely  soluble  in  water, 
^Mch  only  takes  up  a  twentieth  of  its  volume.  Its  most  charac- 
^firiatic  property  is  the  energy  with  which  it  absorbs  half  its 
Volume  of  oxygen,  passing  into  the  state  of  nitrogen  peroxide 
Of  led  vapors. 
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If  a  jar  filled  with  nitric  oxide  be  opened  to  the  air,  the  red 
vapors  appear  at  once. 

2N0  +  0«  =  N^O* 

Nitric  oxide  supports  the  combustion  of  certain  sabstanoes. 
Phosphorus  burns  in  it  brilliantly,  but  the  gas  does  not,  like 
oxygen  and  nitrogen  monoxide,  relight  a  taper  still  presenting 
a  spark. 

Hydrogen  decomposes  nitric  oxide  at  a  temperature  but 
slightly  elevated,  forming  water  and  nitrogen. 

NO  +  H''  =  N  +  H*0 

The  mixture  of  the  two  gases  in  equal  volumes  takes  fire  on 
the  application  of  flame. 

If  a  few  drops  of  carbon  disulphide  be  poured  into  a  jar  of 
nitric  oxide,  the  vapor  of  the  volatile  liquid  is  at  once  difiiued 
throughout  the  gas,  and  on  the  approach  of  a  lighted  taper  a 
brilliant  flash  of  light  is  produced,  the  sulphur  and  carbon  being 
burned  by  the  oxygen  of  the  nitric  oxide. 

The  light  produced  by  this  combustion  determines  at  onoe, 
and  like  tlie  solar  light,  the  combination  of  chlorine  and  hydro- 
gen. 

When  a  mixture  of  nitric  oxide  with  an  excess  of  hydrogen 
is  passed  through  a  heated  tube  containing  platinum  sponge, 
water  and  ammonia  are  fonned. 

NO  +  5H  =  H«0  +  NH» 

Under  other  circumstances  hydroxylamine  may  be  produced. 

A  solution  of  ferrous  sulphate  absorbs  nitric  oxide  with 
avidity,  assuming  a  dark -brown  color ;  this  is  a  characterisdc 
property,  by  which  nitric  oxide  may  be  recognized. 

NITROGEN   TRIOXIDE. 

N20» 

This  compound  is  formed  when  a  mixture  of  nitric  oxide 
with  a  large  excess  of  oxygen  is  subjected  to  intense  cold.  R 
is  also  formed,  together  with  nitric  acid,  when  nitrogen  perox- 
ide is  treated  with  a  small  quantity  of  cold  water. 

2N'^0*     +     H^O    =    2HN0»     +    N*0» 

Nitrogen  peroxide.  Nitric  acid. 

It  is  a  blue  liquid,  which  boils  at  a  low  temperature. 


NITROOEN    PKROXIPF:. 


NTTROOEN   PEROXIDE. 
NO'  or  N'O* 

'"^Preparation. — When  well  driwl  lead  riitr.tit;  in  lio 
redneea  it  is  d^compcisocl  into  lead  oxide  and  Liitroj^eD  perusiltt 
which  niay  hv  oonden»cid  in  a  woU-cooled  receiver. 


PbfXO"/ 


PbO     +     0     +     N'O* 


Tlif>  first  portiona  of  nilru^cn  peroxide  that  are  coii'biiBed 
generally  rclaiti  a  trace  of  nioistare,  and  present  n  gri?en  color; 
if  I  he  rpiciver  be  then  changed,  there  eollectB  a  yoUow  liquid. 
wliii.li  ytijiiJifica  to  a  crystalline  moiss  at  — 10°. 

PropertieB. — Jiitrofren  peroxide  in  a  mobile  liquid,  almoa 
irjh.rli-^i  ill  verj  low  (onipcraiuroFi ;  at  U"  it  has  a  somew' 
dnrk>-r  filor.  and  at  16°  it  is  oranfte- brown.  It  boils  at  2 
and  itK  vapiir  is  rod.  Near  t}\e  point  of  ebnlUtitm  its  voltu^ 
Qi«iric  cfimpositioii  i-orrcsponds  l^  the  fDnuuk  N'O" ;  that  is^  .f 
iw»  vulunifw  nf  nitro^n  and  tbur  volumes  of  oxygen  are  eon-  I 
d(.-Msed  into  two  volumes  of  N'O*.  and  occupy  the  same  spooa  I 
aa  iwK  utonis  (tin«  molecule)  of  hydnigen.  1 

But  at  a  higher  t«uipemttire  this  vapor  is  dissociated  ;  that  J 
is,  it  is  t^nidually  docoRipimi'd  in  i^ueh  a  miuincr  aa  to  occapj  1 
double  i(e  primitive  volume.  Tlti?  two  atiuns  of  nitrogen  i^  1 
fnur  atoimt  of  oxygen  which  cutiutilnle  two  volumett  of  N*0*  | 
M  n  low  temperature,  occupy  four  volumes  at  about  70". 


I 


N 


0" 


Itod  taixn  m  i^fi. 


■de  ?ap€ir  of  nitmgen  peroxide  is  very  corrosive,  and  dan-' 
jreruus  to  inhftlp. 

A  small  qiinntily  of  cold  water  decomposes  nitrogen  perox- 
ide iuti]  uitroi;en  irioxide  and  nitric  acid  ;  a  bi^r  quantity  of 
the  formation  of  nitroun  and  nitric  acids. 


N'O*     +     H'U 


HNO^ 
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When  a  mixture  of  Ditrogen  peroxide  and  hydrogen  is  passed 
over  heated  platinum  sponge,  water  and  ammonia  are  formed. 

Hitryl  Chloride  and  Bromide. — Like  nitric  oxide,  whid 
may  be  called  nitrosyl,  nitrogen  peroxide  may  play  the  part  of 
a  radical.  There  exists  a  chloride  and  also  a  bromide  of  nitro- 
gen peroxide  or  nitryl. 

NO'Cl  NO»Br 

Nitryi  chloride.  Nitryl  bromid*. 

The  latter  compound  is  formed,  together  with  other  products, 
when  bromine  acts  upon  nitrogen  peroxide  at  a  yezy  low  tem- 
perature. The  chloride  of  nitryl  has  recently  been  obtained 
by  the  reaction  of  phosphorus  oxychloride  upon  silver  nitrate. 

POCP    -f     3AgN0»    =    Ag»PO*    +     3(N0»a) 

Phoephonifl  Silver  nitrate.         BtWer  pboiphata.         Nitryl  chloride, 

oxychluride. 

Nitryl  chloride  is  a  light-yellow  liquid,  boiling  at  +5®  and 
solidifyinj?  at  — 31°. 

In  contact  with  water,  it  forms  nitryl  hydrate  (nitric  acid), 
and  hydrochloric  acid. 

NO^Cl  +  H'O  =  HCl  +  HNO» 

In  this  reaction,  the  nitric  acid  is  formed  at  the  expense  of 
the  water,  of  which  one  atom  of  hydrogen  is  removed  by  the 
clilorine  and  replaced  by  the  radical  nitryl.  Hence  nitric  add 
and  water  may  be  said  to  belong  to  the  same  type : 

HOH        (NO*)OH 

Water.  Nitric  acid. 

It  is  seen  that  in  nitric  acid  the  group  NO'  replaces  one 
atom  of  hydroji^cn  in  water,  this  group  is  therefore  monttonuc 

But  the  atom  of  hydrogen  in  nitric  acid  may  also  be  replaced 
by  another  nitr}'l  <rroup,  and  the  result  is  an  oxide  of  nitnli 
the  anhydride  of  nitric  acid,  or  nitrogen  pentoxide.  The  fol- 
lowing fornuiL'c  will  illustrate  the  relations  between  these  oon- 
pounds  and  water  which  is  their  type : 

H  f  "  H  f  "  NO*  J  " 

Water.  Nitric  acid.  Nltrogm  pMitoOEMai 

(Nitryl  hydrate.)  (Nitiyl  ocidtt.) 
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NITROGEN  PENTOXIDE. 
(nitric  anhydride.) 

This  compound  was  obtained  by  H.  Sainte-Claire  Deville  by 
the  action  of  chlorine  upon  dry  silrer  nitrate  heated  to  between 
58  and  60°. 

2AgN0»     +    Cl«    =    NKy    +     2AgCl    +    0 

Slrer  nitrate.  Nitrogen  pentozide.  Silrer  clilorido. 

It  may  also  be  obtained  by  passing  the  vapor  of  nitryl  chlo- 
ride over  silver  nitrate  heated  to  70°. 

AgO.NO*    +    NO'Cl    =    AgCl    +     (NO')'O. 

Slrer  nitrate.  Nitryl  chloride.  Nitrogen  pentoxide. 

Also,  as  shown  by  Berthelot,  by  the  action  of  phosphorus 
pentoxide  upon  concentrated  nitric  acid. 

2HN(y  —  H*0  =:  NW 

Nitrogen  pentoxide  is  solid  and  crystallizes  in  right-rhombic 
prisms.  It  melts  at  29.5*^,  and  boils  between  48  and  50°.  It 
is  very  unstable  and  explodes  spontaneously  even  when  it  is 
preserved  at  a  low  temperature. 

NITRIC  ACID. 
HNO» 

The  atmosphere  frequently  contains  a  trace  of  nitric  acid 
Tapor  or  other  compounds  of  nitrogen  and  oxygen,  and  small 
quantities  of  ammonium  nitrate  and  nitrite  may  be  detected  in 
rain-water.  After  passing  a  current  of  air  for  a  long  time 
through  a  solution  of  potassium  carbonate,  the  liquid  in  found 
to  contain  potassium  nitrate  (Cloez).  It  may  be  admitted  that 
the  compounds  of  nitrogen  and  oxygen  are  formed  directly  by 
the  action  of  electricity  upon  the  elements  of  the  air. 

The  nitrates  of  potassium,  sodium,  magtiesium,  and  calcium 
are  met  with  in  certain  soils,  often  in  abundance.  They  are 
formed  wherever  nitrogenized  organic  matters  decompose  in 
contact  with  the  air  and  in  presence  of  porous  matters  and 
alkaline  bajaes.  Under  these  circumstances,  the  ammonia  re- 
sulting from  the  decomposition  is  oxidized  to  nitric  acid. 

The  experiments  of  Cloez  have  shown  that  the  elements  of 
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the  air  may  unite  direL'lly,  forming  iiitrat«s  in  the  aoU,  wbererir 
alkaline  biises  and  oxiJiiahle  mattere  are  present. 

Freparatioo. — Nitric  acid  ui  obtained  bv  decompoang  an 
alkaline  nitrate  with  sulphuric  acid.  In  the  laboratory,  tk 
operation  may  be  ciiuducl^d  in  a  glass  retort,  the  neck  of  whidi 
paases,  without  cork,  into  a  cooled  receiver.  98  paita  of  con- 
centrated sulphuric  acid  and  So  parts  of  sodium  nitrate  iR 
employed.  On  the  application  of  heat,  nitric  acid  is  voli- 
tilized,  mixed  at  the  commeneemeut  of  the  operation  with  red 
vapors.  The  acid  coDdenses  in  the  reeeiver  as  a  yellow  liquiil, 
filming  in  the  air.    Sodium  at^id  sulphate  remaiQa  in  the  relOit 


H'SO'     +     NaN'O" 


SO*     +     HNO" 


In  the  arts,  the  sodium  nitrate  ia  decompoaed  with  a  Um 
concentrated  aulphuric  acid,  the  deoomposition  of  tlie  nitric 
acid  during  the  operation  being  thua  avoided.  The  operatioB 
is  conducted  in  cast-iron  retorta,  A  (Fig.  65),  the  lateral  tuba 
of  which,  B,  are  adapted  to  blfiucware  tubeij  commuoJcaling 


with  a  series  of  st^mcware  bottles  D.  when  thi  Mui  c<in- 
denaes  The  lemperature  is  elevat*;d  towards  the  cloae  of  tlu 
operation  and  sodium  neutral  solphute  u  formed. 

H'SO*  +  SNaNO"  =  Na'SO'  +  2HN0*     ^^m 


NITRIC   ACID. 

, — When  perfectly  iiiire,  mtri*;  acid  is  tolnrlew,  I 
r  I)ec<>ines  yullnw  unJpr  the  influence  of  ligh^  I 
J  a  pnniol   [Iccomimsilion,      When   exposed  to  thrl 
ur,  tt  gives  off  abuniiiint  whitff  {\impa,     Ila  density  is  1.52; 
wlidifira  at  — iSJ",  Hnd  hoiU  at  86". 

When  its  vapor  in  pwavd  thrnu^h  a  red-hot  porcelain  tube,  J 
■^UKompteed  into  nitrogen  peroxide,  oxygen,  and  wa(«T. 
^B  2EN0'  -  H'O  +  N'O'  +  0 

^H^  mixture  of  nitric-  acid  with  water  producpa  an  elevation  | 
of  temper^tare.    The  dilnt*  aeid,  formed  liy  mixing  42.8  part 
of  w»t«r  anil  IIJI)  parts  of  the  ronm;Qtrat«^  mid,  is  a  colorloa  I 
li((ui(l,  boiling  omstantly  at  123°  ;  ^et  it  cannot  be  eoneidered  I 
aa  a  definite  compound  (Hoacoe).  I 

Nitric  acid  readily  gives  tip  a  portion  of  ile  oxygen  lo  bodies  I 
baring  an  aSnity  for  tliat  element,  [t  energetieuUy  uiidixea  1 
Mulpbur,  pbospliorua,  arsenic,  iodine,  silicon,  ctirbou,  and  moat  I 
of  lb<!  metila,  I 

If  nitric  ftt'ld  \)c  poured  tipfrn  rod-hot  rhnrcoftl,  the  eomliuB-  J 
tjon  is  vividly  int/insiflod  by  ihe  (I«!com posit Jon  of  the  nitric  J 
acid,  and  rt'd  fuinca  appear  at  the  snme  time. 

Copper  decomposes  nitric  acid  with  tin  abundant  disengage- 
ment of  nitric  oxide,  which  is  convi>rt«d  into  nitrogen  peroxide  1 
by  contact  with  ib6  uir.  ] 

CerlAin  metals  Httavk  the  diluti?  ncid  more  readily  than  the  1 
nrnocntnited  ;  inin  \»  one  uf  tliis^  mutula. 

If  dilute  nitric  ucid  bo  poured  uiion  clean  iron  wire,  chen 
eal  ortion  at  »nce  tnkcs  place,  and  there  is  an  ubundunt  evol 
linn  of  roil  vapor ;  hut  if  the  miBii;  vire  be  plunged  into  theJ 
i-rincontrntcd  acid,  no  nclion  i.s  manifested;  and  further,  if  Uw^ 
Wrong  acid  b«  poured  off  and  replaced  by  dilute  acid,  tlie  Utter  1 
nndetjfoo!  no  dccomjioftilioti ;  the  inm  hm  become  piifiiv  by  1 
becoming  covered  with  a  thin  Iiivr  d'  '^-.f.  But  if  it«  surfac*  I 
be  tonched  wjUi  a  coppor  nil''',  i  li;riu<  il  miction  ia  at  once  re-  | 
estubliahed  between  the  irori  ;iti<l  iln-  iiiin<'  ai'id. 

The  action  of  I  in  upon  ninii;  ini.l  j.  mirihy  of  uoliee.    Tor-  " 
rents  of  red  vspiir  are  disengniied.  and  iiit>  uit'tul  \n  euuverted 
luxa  a  white  powder,  whioh  is  stannic  Hcid.     In  this  reaction 
■ui&ll  ijuaiitilies  of  ammonia  and  liydrosjlamine  are  formed  at 
*  "    '  >  elements  of  the  nitric  acid,  and 


d  witb  the  eice«a  uf  acid. 
of  uitrio  ucid  il 


1  may  b 
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complete.  If  zinc  be  introduced  into  veiy  dilate  nitric  add, 
the  metal  dissolves  slowly  and  without  disengagement  of  gas; 
the  liquid  is  then  found  to  contain  sine  nitrate  and  ammo- 
nium nitrate.  The  nascent  hydrogen  set  free  from  a  portion 
of  the  nitric  acid  by  the  zinc  reduces  another  portion  of  the 
acid,  forming  water  and  ammonia. 

Zn  +  2HN0»  =  Zn(NO»)'  +  H« 

Zinc  Zinc  nitrate. 

2HN0'  +  4H«  =  3H«0  +    (NH*)NO» 

Ammoniam  nitxmtA. 

Nitrogen  dioxide  decomposes  nitric  acid.  When  a  current 
of  this  gas  is  passed  through  nitric  acid,  the  latter  becomes 
colored,  according  to  its  concentration,  brown,  yellow,  or  bluish- 
green.  Under  these  circumstances  the  acid  is  reduced,  and 
either  nitrogen  peroxide  or  nitrous  acid  is  formed  and  remains 
dissolved  in  the  liquid,  the  former  communicating  a  brown, 
the  second  a  blue  or  green  color. 

Nitric  acid  is  one  of  the  most  important  acids ;  it  is  large^ 
used  as  a  reagent.  It  is  employed  in  the  manufacture  of  sul- 
phuric acid,  and  also  to  oxidize  certain  organic  matters,  such 
as  starch  and  sugar,  which  it  converts  into  oxalic  acid. 

Nitro-hydrochloric  Acid. — A  mixture  of  nitric  and  hydro- 
chloric acids  is  called  nitro-hydrochloric  or  nitro-muriatic  acid, 
or  a(|ua  regins.  This  liquid  dissolves  gold  and  platinum,  and 
it  owes  this  property  to  the  chlorine,  which  is  set  at  liberty  by 
the  mutual  action  of  the  two  acids. 

2HC1  +  2I1N0'  =  2IP0  +  N'O*  +  O* 

When  the  mixture  Is  left  t^  itself  it  gradually  assumes  a 
yollow  color,  undergoing  a  partial  decomposition,  as  indicated 
by  the  above  formula ;  but  this  decomposition  is  limited,  and 
only  complete  in  the  presence  of  a  metal  capable  of  abflorbing 
the  chlorine. 

But  the  reaction  between  hydrochloric  and  nitric  acids  gives 
rise  to  the  formation  of  other  products,  noticed  by  Gay-Luasac 
and  Baudriniont ;  these  are  ternary  compounds  of  oxygen,  ni- 
tnigeu,  and  chlorine.  One  is  a  red  vapor,  condensing  at  — ^7* 
to  an  orange-red  licfuid.  Its  composition  is  probably  expreaaod 
by  the  formula  NOCP. 

It  may  be  regtirded  as  nitrogen  peroxide  in  which  one  atom 
of  oxygen  is  replaced  by  an  equivalent  quantity,  that  is,  two 
atoms,  of  chlorine. 
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The  other  is  a  gas  which  does  not  liquefy  at  veiy  low  tem- 
peratores;  it  is  nitrosjl  chloride,  NO. CI.  By  reacting  with 
witer  it  forms  hydrochloric  and  nitrous  acids. 

NO.Cl  +  H'O  =  HCl  +  NO.OH 

It  will  he  noticed  that  nitrosyl  chloride  hears  the  same  rela- 
tion to  nitrous  acid  that  nitryl  chloride  hears  to  nitric  acid. 
The  following  formulse  will  illustrate  the  constitution  of  these 


NO.Cl 

Nitnwjl  chloride. 

NO'.a 

Htti;!  chloride. 


laddL 


NO 
H 

Nitrons  add. 

NC 
H 

Hitrloiicld. 


I  triox_^ 


NO 
NO 

Nitrogen  triozida. 

NO' 
NO' 

Nitrogen  peotozide. 


/ 
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Vapor  density  compared  to  air 
Vapor  density  compared  to  hydrogen 
Atomic  weight  P 


.      4.32 
.     61.1 
=  31. 


Brandt,  an  alchemist  of  Hamhurg,  while  attempting  to  ex- 
tract the  philosopher's  stone  from  urine,  discovered  phosphorus 
in  1669.  But  urine  contains  only  a  small  quantity  of  phos- 
pbates  and  can  yield  but  traces  of  phosphorus,  so  that  this 
body  only  became  generally  known  to  chemists  after  Gahn 
demonstrated  its  existence  in  bones,  and  Scheele  discovered  the 
process  for  its  extraction. 

The  process  of  the  latter  chemist  is  still  in  use ;  it  consists 
in  treating  bone-ash  with  dilute  sulphuric  acid,  by  which  means 
the  tricalcium  phosphate  of  the  bones  is  converted  into  mono- 
calcium  phosphate,  ordinarily  called  acid  phosphate  of  lime. 

Ca»(PO)«    +    2H*S0*    =    CaH*(PO*)^    -f    2CaS0* 

Tricalcium  Cftlrium  acid  Calcinm 

phosphate.  phusphate.  sulphate. 

The  latter  phosphate  being  soluble  is  scjparated  from  the 
calcium  sulphate  by  filtration,  and  the  solution  is  evaporated 
wd  mixed  with  powdered  charcoal.  The  mixture  is  dried  and 
gradually  heated  to  redness  in  cast-iron  vessels.  By  this  means 
the  calcium  acid  phosphate  is  converted  into  calcium  meta- 
phosphate  by  the  expulsion  of  two  molecules  of  water. 

CaH*(PO«)«     =     2H*0     -f     CaiVOy 

GUdnm  add  phaq»hate.  Calciam  metaphotphate. 
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The  latter  ia  strongly  heated  with  charcoal  in  clay  ntflrti 
(Fig.  66),  and  is  decomposed,  yielding  carbon  monoside  uij 
phoHphorofl  which  distils  over,  and  leaving  a  residne  of  calduu 
pyrophosphato. 

ZCaCPO")'    +    5C    =    Ca'I"0'    -|-     SCO    +    P" 

OiJcluin  (Udain  CubDa 

m6tHpbi«pli«t«.  pjn^phoipliiile-        monoElde. 

The  phosphoma  condenses  in  the  water  in  the  receiver  A, 

in  which  th«  neck  of  the  retort  C  is  enfwged. 


Af  it  U  impoBfiible  t«  expel  all  of  the  water  from  the  otlnu 
acid  phosphate,  this  water  is  decomposed  by  the  chwoail.)iJ- 
drogen  and  carbon  monoxide  bein^  formed,  together  witk  ' 
small  i^uantily  of  phosphoretted  hydrogen. 

100  kilogrammes  of  bone  yield  between  R  and  9  kilo- 
grammes  of  phosphorus.  The  latter  is  purifieil  by  enclooif 
it  in  a  channiis-skin  Hack,  and  strongly  compressing  it  u  '  ' 
water  at  511"  ;  the  phosiihorus  paBsea  through  the  leather 
collects  under  the  water.  It'  is  moulded  into  sticks  hy  hong 
drawn  up  into  slightly  conical  glui«  tubes,  which  ore  iW 
plunged  into  cold  wuter.  The  phoEpliorus  solidifies  and  N 
easily  drawn  from  the  lubes. 

Physical  Properties. — ^Reeenlly-fused  phoenhorufl  is 

careDt,  colorless,  or  having  a  pale-yellow  tint,  fiexible,  and  xrft 


I'DOUgli  U)  be  ea^sily  .^L'ratcliL'd  by  ilu-  nail.  UiiL'-tt-iith  jht  ct-iit. 
of  sulphur  renders  it  hard  and  brittle.  It  has  a  well-marked 
odor,  slightly  resembling  that  of  garlic.  Its  density  at  10°  is 
1.^.  It  melt8  at  44°  and  boils  at  290°  ;  its  vapor  is  colorless 
and  has  a  den^ty  of  4.32  compared  to  air,  or  61.1  compared 
to  hydrogen. 

If  one  Yolume  of  hydrogen  weighs  1,  one  volume  of  vapor 
of  phosphorus  weighs  61.1,  and  this  number  should  represent 
the  weight  of  one  atom  of  phosphorus ;  now  it  represents  the 
weight  of  two  atoms,  and  the  vapor  of  phosphorus  presents 
the  singular  anomaly  that  it  contains  in  the  same  volume 
twice  as  many  atoms  as  the  simple  gases,  such  as  hydrogen 
or  nitrogen.  If  one  volume  of  hydrogen  contain  one  atom, 
one  volume  of  phosphorus  vapor  contains  two,  and  heat  cannot 
dissociate  these  two  atoms  in  such  a  manner  that  they  may 
occupy  two  volumes  instead  of  one.  The  vapor  of  arsenic 
presents  the  same  anomaly. 


?j 


N 


P 


iW 


1  Tulume  of  1  volunM  of  1  Tolume  of  1  volume  of 

bydrogon.  aitrogen.  phosphorus  vnpor.       arienic  vapor. 

Phosphorus  volatilizes  below  its  boiling-point  and  even  below 
itB  melting-point.  At  ordinary  temperatures  it  emits  vapors  in 
» vacuum  and  even  in  the  air.  It  is  luminous  in  the  dark, 
fern  which  property  it  derives  its  name,  which  signifies  li^jht- 
warer.  The  cause  of  this  phenomenon  is  still  obscure,  but  Ls 
generally  attributed  to  the  slow  oxidation  which  phosphorus 
'UHleigoes  in  the  air. 

When  a  stick  of  transparent  phosphorus  is  kept  under  wat(;r, 
It gndnally  becomes  opaque  and  covered  with  a  yellowish-white 
polvemlent  powder,  while  the  central  parts  retain  their  truiis- 

fP««noe.  This  white  phosphorus  is  still  pure,  but  the  surfac^e 
'^the  stick  has  divided  into  a  multitude  ot'litth;  particles  wlii(;]i 
present  a  crystalline  appearance.  Some  of  them  become  de- 
[  tiched  and  remain  suspended  in  the  water,  giving  to  the  latter 
\     4e  property  of  being  luminous  in  the  dark. 

Phosphorus  is  rapidly  dissolved  by  carbon  disulphide  and  Ls 
[    ^(ipoated  in  rhombic  dodecahedra  on  the  slow  evaporation  of 
Ae  solution. 

There  is  an  amorphous  variety  of  phosphorus  which  differs 
90  much  from  ordinary  phosphorus  that  it  presents  the  prop- 
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crties  of  an  entirely  different  substance.  It  bas  a  dark  brown- 
red  color,  and  is  not  luminous  in  tbc  dark.  It  is  insoluble  in 
carbon  disulphidc ;  it  does  not  melt  and  take  fire  like  ordi- 
nary phosphonis  when  heated  to  50^.  It  is  amorphous,  and 
presents  a  conchoidal  fracture.  Its  density  is  2.14.  Ordinaij 
phosphorus  is  one  of  the  most  dangerous  poisons,  bat  this  red 
body  exerts  no  action  upon  the  economy.  At  260^  amorpboas 
phosphorus  melts  and  again  becomes  ordinary  phosphonUb 

Amorphous  phosphorus  results  from  a  physical  chai^ 
brought  about  by  the  action  of  light  or  heat  on  the  ordiDtxy 
variety.  If  a  stick  of  phosphorus  be  exposed  to  direct  sun- 
light, its  surface  assumes  a  red  color ;  or  if  it  be  maintained 
for  a  long  time  at  a  temperature  of  240°,  it  is  entirely  con- 
verted into  the  amorphous  variety. 

This  transformation  is  also  accomplished  by  the  influence  of 
certain  chemical  agents.  If  a  small  stick  of  ordinary  phos- 
phorus be  introduced  into  a  test-tube  and  a  very  minute  por- 
tion of  iodine  be  allowed  to  fall  upon  it,  the  iodine  unites  with 
the  phosphorus  with  the  production  of  light  and  heat.  A  trace 
of  phosphorus  io(li<]i'  is  formed,  and  the  remainder  of  the  phos- 
phorus is  convert 0(1  into  a  hard,  black  mass,  which  yields  a  red 
powdiT  ;  this  is  amorj^lums  phosphonis  (E.  Kopp,  ])rodie). 

Tims  pro]>are(l,  this  Iwdy  volatilizes  like  arsenic,  without 
melting,  and  cnn  b(>  distilled  without  alteration,  condensing  in 
a  black  ma.ss,  which  contains  only  traces  of  iodine. 

Remscn  and  Keiser  have  described  a  white,  plastic  varietj 
of  phosphorus  formed  by  distilling  it  in  a  current  of  hydrogen 
and  condensing  the  vapor  on  ice  cold  water. 

Chemical  Properties. — Ordinary  phosphorus  possesBes  t 
strong  affinity  for  oxygen.  When  exposed  to  the  air  it  slowly 
oxidizes,  and  the  slow  combustion,  aided  by  the  moisture  of  the 
air,  produces  a  mixture  of  phosphorous  and  phoephorio  acid& 
Schonbein  has  shown  that  the  slow  oxidation  of  phosphorus  is 
accompanied  by  the  formation  of  small  quantities  of  ozone  and 
hydrogen  dioxide. 

When  heated  in  the  air  to  a  temperature  of  60®,  phosphonis 
takes  fire  and  burns,  producing  a  bright  light  and  white  vapors 
of  phosphorus  pentoxidc  mixed  with  some  phosphorus  trioxide. 
In  pure  oxygen  the  combustion  takes  place  with  great  brillianej- 

Phasphorus  may  be  burned  under  warm  water  by  passing  ft 
current  of  oxygen  through  the  melted  element  by  means  of  ft 
tube  drawn  out  to  a  point  (Fig.  67) ;  each  bubble  of  oxygen 
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PbosphoroB  take^  fire  «pontaneonalj  in  nn  atmospl 
cUorine,  pliusphorus  pen lat'hlo ride  being  produeeu. 

TJies  of  Pboaphoroi. — This  body  is  prineipftlly  employed  in 
the  manufac'ture  uf  niatuhes.  The  inflammable  tips  of  frittion- 
DiiU'heD  (.unt^iii  either  urdinury  or  amorphous  phoBpboruB.  Id 
ihe  first  case,  the  phoephorus  is  mixed  with  inert  subetances, 
sncb  as  sand  or  ochre,  held  together  by  etrong  glue ;  in  the 


Fio.  «7. 
leoonil  case,  tBe  ignitJon  of  the  amorphouR  phoephoruB,  which 
>B  but  slightly  comhiiBtible,  is  determined  by  potassium  chlorate, 
to  which  is  also  added  antimony  sulphide.  All  of  these  mib- 
etonoa  are  made  into  a  paste,  into  which  the  ends  of  the 
■Hatches  are  dipped.  Sometimes  the  match-sticks  are  tipped 
with  a  paste  composed  of  putasetum  chlorate  and  antimony 
Kolphide,  3  mtsture  which  only  takes  &re  by  friction  upon  a 
prepared  surface,  composed  penerally  of  umorphous  phosphoruH 
ftnd  antimony  sulphide.  All  of  these  luiitures  are  held  tn- 
getiier  by  strong  glue. 

y^     HYDROG^N_PHgaPHIDE   (PHOSPHINB). 

Denri^"eoSp»reTto^r I.IM 

Denaity  compiirtil  to  b; dm);en 17. 

MaJiKDlar  wdgbt  PH3 ^94. 

This  gaa  was  diseovered  by  Gengembre  in  1783. 

When  phoupborus  is  heated  with  a  solution  of  caustic  potassa, 
there  is  a  gas  disengaged,  which  inflames  spontaneously  on  con- 
tact wilb  the  air ;  this  is  hydr<);;cn  phosphide.  It  is  formed 
according  to  (he  following  equation : 

3K0H     -f     4P     +     3H'0     =     SKH'PO'    +    PH' 

PolHUiuii  b]rdmtr.  PuIuiiIuid  hjinpliiMiiblw. 
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FrqtaratioiL — 1-  Hydrogen  phosphide  may  be  prepaied  bj 
heating  phuaphorua  with  astrong  solution  of  potasraum  hjdnte, 
or  with  thick  milk  of  lime,  with  which  the  flask  (Fig.  68) 


should  be  alum.st  entirely  filled.  The  gaa  b  conducted  under 
the  surfnuc  of  wiitiT,  mid  aa  eaeh  bubble  arrives  in  contact  with 
the  air  it  takes  fire  djwntaneouHly,  producing  a  bright  flash  and 
a  wreath  of  white  smoke,  which  ontargeu  as  it  rises  in  theur. 

2.  The  H;imc  H|H>ntiinuously  Inflammable  gas  is  evolved  wbeo 
cali-ium  pUi.->phidc  is  thrown  into  water  (Pig.  69).  The  pboe- 
phidc  ijf  cali'iuui  is  jircpared  by  passing  vapor  of  phoephonu 
over  fntfftucntit  nf  incandescent  lime ;  it  instantly  deoot 
water  with  fonuatiriu  of  calcium  hypophosphite  and  a 
neously  inflammable  hydrogen  phosphide. 

Uuwevcr,  when  calcium  phosphide  is  treated  with  hydro- 
chloric acid,  hydrogen  phosphide  is  produced,  which  does  dM 
take  fire  without  the  application  of  heat  (Fig.  70). 

In  this  vasii,  the  gas  is  formed  by  double  decompodtioii 
l)etwecn  the  hydroclilorio  acid  and  the  calcium  phosphide ;  the 
calcium  cDmbmeH  with  the  chlorine,  forming  calcium  chloiide, 
and  the  hvdrogen  of  the  acid  combines  with  the  phosphonu 

3.  In  trio  same  manner,  when  phosphorous  acid  is  strong^ 
heated  in  n  small  ntort,  it  evolves  a  hydrogen  phosphide  vlw* 
is  not  spontaneously  inflamuiable. 

4H'P0'      =      PH'      +      3H'P0* 

FbocpbDioui  uld.  PhoipliaTlo  hM. 


coMPorsDB  (. 
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PropettiH. — The  gHM  tliiw  obtoini-Hl  is  colnrlpss.  and  pos- 
sesses a  ^rlicky  mtur.     U  i^s  but  slit'litly  iMjIublu  in  water,  b  ' 
if  wlubl*'  in  ulcrtliul  uml  in  ether.     Vi  ben  tt  is  pure  it  does  n 
lake  liro  iu  the  sir  at  a  tciutK^rature  below  IW,  and  l' 
burns  wilb  a  very  laniinoos  wfiite  flaiuu.     According  to  ] 
Tbt'oanl,  ibi!  npuuiiuieuiis  inSaiuniability  of  t>he  hydrogen  pbofl 
pbiile  pKjnrod  by  the  niethoiU  first  mentioued  ia  due  to  tl 


imiduT  jihoaphide.  P^H*;  thin  is  a  very  volatila  I 
ii(|iu<l,  extremely  iiifliiniiuabie.  unil  the  leiirt  trace  of  ila  vnpor  \ 
in  byilrttj^eii  plionptiide  ^  i^'iirjiuunicutcs  to  the  latter  th«t'| 
prupeKy  uf  ii[>iioiuni'(iiia  InfliiiumHliility. 

Hydro^n  phosphide  liquofios  at  iibotit — 85°,  and  freetes  ri  t 
— 132.5°  ;  it  u  abtwrbed  by  a  eolation  of  cupric  Bulpbu(«,  with  ' 
the.  fomiation  of  blac^k  pho§phide  of  copper, 

Theconiriosilidii  of  hydrogen  phosphide.  PH',  recalls  that  of 
unitnonia.  NH'.uud  tbe  analogy  between  the  Iwoiraees  is  further 
revealed  by  the  properly  common  tobothof  nuilingwithhydri- 
odic  acid,  TberB  is  a  <<mnpound  of  bvdroiieii  pluisphide  with 
hjdrlodic  acid,  a  wcll-d.-fined,  solid  bndv,  .rvsiiilli/iriir  in  bril- 
liant cubes.     I'H'.Ul  or  l'U*l— plio.^ph..„i,i.„  j^nlide. 

ITie  cxislonee  of  a  solid  rh'wpbiilo  nl'  hvdn i;_'i'ii  baa  heen 
demimatrated,  and  the  foraiulu  P'll  Fittrilmlvd  (o  it. 

L'OMIHiTlNDS  OF  PEOSPUOUTJS  AND  CHI.OHINE  J 
There  are  two  chlorides  of  ]ihoHphnni5: 
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There  are,  besides, 

Phospboros  oxychloride POCP 

Phosphorus  sulphochluride P8Ci* 

PHOSPHORUS  TRICHLORIDE. 

PC1» 

When  a  current  of  dry  chlorine  is  passed  over  phoephonu 
heated  in  a  small  tubulated  retort^  a  liquid  compound  of  chlo- 
rine and  phosphorus  is  formed  and  may  be  condensed  in  a 
cooled  receiver.  This  is  phosphorus  trichloride.  It  is  a 
fuming,  colorless  liquid,  having  a  density  of  1.45  and  boiling 
at  74°. 

If  it  be  poured  into  water,  it  at  first  sinks  to  the  bottom, 
and  then  rapidly  disappears,  evolving  white  ^mes  of  hydro- 
chloric acid,  and  forming  phosphorous  acid,  which  remains  in 
solution. 

PCP  +  3H'0  =  HTO»  +  3HC1 

PHOSPHORUS    PENTACHLORIDE. 

PCI* 

In  contact  with  an  excess  of  chlorine,  phosphorus  trichloride 
absorbs  two  more  atoms  of  that  gas,  and  condenses  into  a  yellow 
crj'stalline  solid,  phosphorus  pcntachloride. 

This  body  is  volatile,  and  sublimes  without  fusion  when 
heated,  even  below  100°.  When  heated  under  pressure,  it 
melts  at  148°  and  boils  at  a  slightly  higher  temperature.  Its 
vapor  density,  taken  at  336°  and  reduced  to  0°,  is  equal  to 
3.(35G.  This  density  should  be  double,  supposing  that  the 
molecule  PCl*^  (>eeii})io8  two  volumes.  The  anomaly,  however, 
is  only  apparent,  lor  there  are  good  reasons  for  believing  that 
at  the  temperature  3.*>G°  the  vapor  of  phosphorus  pcntachloride 
no  long(^r  exists,  and  that  the  compound  is  decomposed  or  dis- 
sociated into  a  mixture  of  phosphorus  trichloride  and  chlorine, 
a  mixture  which  would  give  lour  volumes  of  vapor  for  one 
molecule  of  PCI*. 

pp,5  f  PCP  =  2  volumes. 

ri.1    —  I  cp     ^  2  volumes. 

4  volumes. 

Indeed,  when  the  vapor  density  of  phosphoruB  pentachloride 
is  taken  by  diffusing  it  in  the  vapor  of  the  protocfaloride,  whidi 
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prevents  the  dissociation  before  mentioned,  a  figure  is  fonnd 
which  corresponds  very  nearly  with  the  theoretic  density  7.21 
(A.  Wurtz). 

Phosphorus  pentachloride  decomposes  water  with  energy, 
fonning  hydrochloric  and  phosphoric  acids. 

pa*  +  4H»0  =  H«PO*  +  5HC1 

When  only  a  small  quantity  of  water  is  present,  hydrochloric 
acid  is  disengaged,  by  the  exchange  of  two  atoms  of  chlorine 
for  one  atom  of  oxygen,  and  a  colorless  liquid  is  formed  which 
is  called  phosphorus  oxychloride.  When  heated  in  a  current 
of  hydrogen  sulphide,  phosphorus  pentachloride  is  converted 
into  ^e  sulphochloride,  a  colorless  liquid  boiling  at  126^. 

PCI*  +  H'O  =  2HC1  +        POCP 
PCI*  +  H'S  =  2HC1  +        PSCl* 

PHOSPHORUS  OXYCHLORIDE. 

P0C1» 

This  body  is  readily  obtained  by  exposing  phosphorus  penta- 
chloride to  moist  air  until  it  becomes  liquid,  and  subsequently 
distilling  the  liquid  (A.  Wurtz).  It  is  formed  in  a  great  num- 
ber of  reactions  when  phosphorus  pentachloride  is  heated  with 
hydrated  acids,  such  as  oxalic  acid,  boric  acid,  etc.,  or  with 
oxides,  such  as  phosphoric  oxide.  In  these  cases,  one  atom  of 
oxygen  from  the  oxidized  body  is  exchanged  for  two  atoms  of 
chlorine  from  the  pentachloride  (Gerhardt). 

Phospht)rus  oxychloride  is  a  colorless  liquid,  boiling  at  110°. 
"hen  poured  into  water,  it  sinks  and  is  at  once  decomposed, 
hydrochloric  and  phosphoric  acids  being  formed. 

POCP      +        S'}^==      H^}^'     +    ^^^ 

'I'nphonu  oxychloride.  3  moleculM  water.    Phosphoric  acid. 

COMPOUNDS  OF   PHOSPHORUS   WITH    BROMINE 

AND  IODINE. 

Two  bromides  of  phosphorus  are  known : 
Phosphorus  tribromide,  PBr*,  a  colorless  liquid. 
Phosphorus  pentabromide,  PBr*,  a  yellow,  crystalline  mass. 
To  the  trichloride  and  tribromide  of  phosphorus  there  cor- 
lesponds  a  triiodide,  concerning  which  but  little  is  known. 
H  16 
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The  best  defined  and  most  important  oombination  of  phos- 
phorus with  iodine  is  the  compound  P'P. 

PhosphoniB  Iodide,  PP. — This  body  is  obtained  by  db- 
solving  26  parts  of  dry  phosphorus  in  30  or  40  times  its  weight 
of  carbon  disulphide,  and  gradually  adding  to  the  solution  203.4 
parts  of  iodine.  The  liquor,  at  first  reddish-yellow,  becomes 
orange-yellow  ;  it  is  distilled  on  the  water-bath  to  drive  out  t 
part  of  the  carbon  disulphide,  and  on  cooling  it  depodtB  t 
bright-red,  crystalline  mass.     This  is  the  iodide  P*I*. 

It  crystallizes  in  long,  brilliant,  flattened  needles,  which  ire 
flexible,  and  melt  at  100°.  On  contact  with  water  it  is  decom- 
posed, forming  phosphorous  and  hydriodic  acids,  and  at  the 
same  time  depositing  a  yellow,  flocculent  precipitate  rich  in 
phosphorus  (Coren winder). 


COMPOUNDS  OF  PHOSPHORUS  AND  OXY&BN. 

Phasphorus  combines  with  oxygen,  forming  two  oxides: 

Pho8phoru8  triuxide,  ur  phosphorous  oxide     .     .     PK)* 
Phosphorus  ])entoxide,  or  phosphoric  oxide     .     .     P'O^ 

Recent  investigations  by  Thorp  and  Tutton  seem  to  show  that 
the  productij  of  the  slow  combustion  of  phosphorus  contain  alfio 
an  oxide  having  the  composition  PK)*,  corresponding  to  nitro- 
gen tetroxide.  Both  the  trioxide  and  the  pentozide  can  com- 
bine with  three  molecules  of  water,  phosphorous  and  phosphorio 
acids  being  thus  ibrmcd. 

P«0»  +  3n«0  =  2H«P0> 

P«0*  -I-  .SH«0  =  2H8PO*  • 

Besides  these  two  acids  there  is  another  containing  less  oxj- 
gen ;  it  is  hypophosphorous  acid,  whose  corresponding  oxide  la 
unknown.  These  three  acids  form  a  series  containing  for  three 
atoms  of  hydrogen  and  one  atom  of  pho^horus  regularly-in- 
creasing quantities  of  oxygen  ;  they  may  be  said  to  oonstitote 
difierent  degrees  of  oxidation  of  hydrogen  phosphide. 

PH^  hvdrogcn  phosphide. 

PIPO'(niissinp). 

PH'O*  hypophosphorous  aoid* 

PIPO^  phosphorous  acid. 

Pll*<>*  phosphoric  acid. 

Constitution  of  the  Oxygen  Acids  of  Phosphorus. — Phos- 
phorous and  pha^phoric  acids  are  related,— tne  first  to  phos- 
phorus trichloride,  the  second  to  phosphorus  oxychloride.    In 


nYrfipinvppiioRotrs  acih. 
het,  ibty  Me  derived  trom  these  componudfi  b;  ihe  action  o 

P^C!'  phosphnrus  trichlnriJe. 
P( OH  f  phosphorone  add  fphoHphonw  trihydrate). 
I'PO/"01'  rihoaphonifldxycldoridc  (pliosphoryl  trichloride^.^ 
(POj"'(OHj'  phosphoric  arid  (phosphoryl  trihydrate). 

To  jvlioephonia  pcnlafhloride,  PCI*,  would  correspond  a 
labyd^le,  P(OII  j',  wliieh  \»  iinknown.    Phosphoric  Jicid  w 
be  derived  trou  tho  lutl^^r  bj  the  loss  of  a  molecule  of  wataM 
P(Onr  =  H'O  +  (PO)tOH)* 

It  is  Been  thai  in  phosphonms  acid,  aa  in  the  trichloride, 
phoras  is  regurdi-d  as  plajinj;  the  part  df  u  Iriatomic  elcmeii 
nhilti  it  is  pi-nlatoniic  in  thu  pi'ntudiluride. 

In  hypopiiOHphorous  acid,  it  must  be  admitted  that  o: 
of  bydroireD  is  utut«d  directly  to  tlie  triatoiniu  phospho 
it«  constitatioii  is  expressed  by  the  fonuula 

P"JOH 

■  (oh 

^*  hypophosphorous  acip. 


When  phiisphorun  ifi  l«iiled  with  milk  of  lime  or  with  a 
oeniraX^d  fwlulion  of  barytu,  a  w.luble  bypi)|)hoe<phit«  b  pro-1 
dutMHl.  and  on  trefttini;  the  solution  of  hnriunt  bypophosphittf  I 
with  Bulpbnrio  arid,  a  precipitate  of  bnrinm  milphule  and  k  I 
Hulution  of  hypophoHpbomus  acid  are  obtained  ;  they  may  be  J 
Bfparatwi  by  filinttjon.  When  Buffi(.-ieiilly  eonLt-nt rated,  th#J 
lirjuor  leaves  a  colorless  and  very  arid  syrupy  residue,  wbicli| 
(x.nslitntes  bypopboephoroua  ucid.  I 

ThiH  aeid  ia  decompotx<d  at  a  high  lemperatnre,  yieldinc^t 
"  Miphorie  arid  and  hydropon  phosphide.     It  is  (lifted  witB  1 

UEctiu  r«ducin(;  properties :  it  instantly  decomposer  the  aaltl  f 
FiBcrcury  and  silver,  setting  free  the  metal.     An  excess  of"  I 

pcnibnsphorouH  atrid  addod  to  s  solution  of  cnpric  sutpbat*~ 

"-ipUttliB,  by  the  aid  of  a  gentle  lieat,  hydride  of  copper, 
3'.  which  ia  deeompoaed  at  lOO"  into  copper  and  hydrogen 

I.  WdtU). 
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Hypophosphoroas  add  contains  three  atoms  of  bydrogeo, 
only  one  of  which  is  capable  of  being  replaced  by  an  equinr 
lent  quantity  of  a  metal.  The  composition  of  the  hypophos- 
phites  is  consequently  expressed  by  the  following  genenl 
formula : 

R'HTO* 

in  which  R'  represents  a  monatomic  metal,  snch  as  potaBsiani) 
capable  of  replacing  hydrogen  atom  for  atom. 

PHOSPHOROUS  ACID. 

H«PO» 

Preparation. — Phosphorous  acid  results  from  the  action  of 
water  upon  phosphorus  trichloride,  as  ahxjady  seen.  It  may 
be  obtained  in  a  state  of  purity  by  evaporating  the  acid  liquor 
rcsultin*^  from  this  reaction,  and  heating  the  syrupy  residue 
in  a  platinum  capsule  until  the  odor  of  hydrogen  phosphide 
is  perceptible.  On  cooling,  the  acid  solidifies  to  a  crystalline 
ma.ss. 

Properties. — ^These  crystals  absorb  moisture  when  exposed 
to  the  air,  and  are  resolved  into  an  intensely  acid  liquid;  they 
melt  at  a  gentle  heat,  and  are  dew^mposed  by  a  high  tempen- 
turo  into  hydrogen  phosphide  and  phosphoric  acid. 

Like  hypophusphorous  acid,  phosphorous  acid  possesses  re- 
ducing properties. 

Its  boiling  aqueous  solution  reduces  the  salts  of  mercnryi 
silver,  and  gold,  and  this  reduction  is  favored  by  the  presence 
of  ammonia.     It  converts  arsenic  acid  into  arsenious  acid. 

Chlorine,  bromine,  and  iodine  convert  it  into  phosphoric  sfld 
in  presence  of  water. 

HTO*  +  H^O  +  CI*  =  2HC1  +  H»PO* 

Phosphorous  acid  contains  three  atoms  of  hydrogen,  two  of 
which  are  replaceable  by  an  equivalent  quantity  of  a  metiL 
It  is  hence  called  a  dibasic  acid. 

The  composition  of  the  neutral  phosphites  is  expressed  by 
the  general  formula 

R'«HPO», 

in  which  R'  represents  a  monatomic  metal  like  potassiiim  or 
sodium. 
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PHOSPHORIC  OXroE.  OR  PHOSPHORUS 

I'iiLNTOXIDE. 

(PHOSPHOBIO  ANHTDRIDB.) 
P«0» 

His  compound  may  he  obtained  by  burning  phonphomi  in 
t  lar^e  globe  filled  with  dry  air.  A  dense  white  smoke  is  pro- 
duced, and  condenses  upon  the  walls  of  the  vessel  in  flakes  like 
snow.  This  body  is  the  anhydride  of  phosphoric  acid.  When 
exposed  to  the  air,  it  absorbs  moisture  and  is  converted  into 
iQeUphosphoric  acid. 

P0»  +  H«0  =  2HP0» 

When  thrown  into  water  it  dissolves  with  a  hissing  noise, 
as  is  produced  by  a  red-hot  iron. 

Phosphoric  oxide  volatilizes  at  a  dull-red  heat ;  it  is  unde- 
composable  by  heat.  It  yields  the  oxychloride  when  distilled 
vith  phosphorus  pentachloride. 

PC  +  SPOT  =  5P0C1' 

It  also  yields  phosphorus  oxychloride  when  distilled  with 
^  common  salt  (Lautemann). 

PHOSPHORIC  ACID. 

(OBTHSraOBpHORlCr  ACID.) 
H»PO* 

Preparation. — 1.  This  acid  may  be  prepared  by  boiling 
phosphorus  with  nitric  acid.     On  account  of  the  violence  of 
^he  reaction  the  operation  is  difficult  to  regulate,  apd  even 
^gerous  when   ordinary  phosphorus  is   employed,  but   it 
succeeds  very  well  with   powdered   amorphous   phosphorus. 
This  is  heated  with  tolerably  concentrated  nitric  acid  in  a 
retort,  fitted  with  a  receiver,  and,  when  the  whole  of  the  phos- 
phorus has  disappeared,  a  little  nitric  acid  is  added  to  the 
contents  of  the  retort,  and  the  liquid  is  concentrated  in  a 
platinum  capsule.     When  the  last  portions  of  nitric  acid  have 
been  driven  out,  a  small  quantity  of  water  is  added,  and  the 
fljmpy  liquid  is  placed  in  a  bell-jar  over  a  dish  containing 
concentrated  sulphuric  acid.     At  the  end  of  some  time,  the 

16* 
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phosphoric  acid  is  deposited  in  the  form  of  hard,  traospaient, 
prismatic  crystals. 

2.  A  current  of  chlorine  may  be  passed  through  warm  water 
under  which  is  a  layer  of  melted  phosphorus.  Phosphoric 
acid  and  hydrochloric  acid  are  formed. 

PCI*  +  4H*0  =  H'PO*  +  5Ha 

As  soon  as  all  of  the  phosphorus  has  disappeared  the  solution 
is  evaporated,  and  the  hydrochloric  acid  is  driven  out  by 
heating  the  residue  to  200°.  The  residue  is  dissolved  in  water 
and  forms  a  solution  which  will  deposit  the  acid  in  crystals 
when  concentrated  as  indicated  above. 

Properties. — When  exposed  to  the  air,  these  crystals  attract 
moisture  and  deliquesce.  Their  solution  is  very  acid.  It  doea 
not  coagulate  white  of  eg^,  and  it  produces  no  doud  in  a  solu- 
tion of  barium  chloride,  but  it  forms  a  white  precipitate  of 
ammonio-magnesium  phosphate  in  a  solution  of  magnesium 
sulphate  on  the  addition  of  ammonia.  With  silver  nitrate  to 
which  ammonia  hi\s  been  added,  it  gives  a  yellow  precipitate 
of  trisilvcr  phosphate,  Ag'*'PO*.  Orthophosphoric  acid  contains 
three  atoms  of  hydrogen,  each  of  which  is  replaceable  by  an 
equivalent  quantity  of  metal. 


PYROPHOSPHORIC  ACID. 

When  orthophosphoric  acid  is  heated  for  a  long  time  to 
21 3°  it  loses  water  and  is  converted  into  a  new  acid,  which  is 
called  pyrophosphoric.  Two  molecules  of  phosphoric  add  lose 
one  molecule  of  water,  and  then  unite  to  form  a  single  molfr 
cule  of  pyrophosphoric  acid. 


Oil 
PO^OIi_ 

AOR 
PO^OH 

on 


X 


OH 


PO^OH 
=  H'^O    +         )0      =  H*PO» 

PO^^OH 


\ 


OH 


The  residue  constitutes  an  opaque,  semi-ciystalline  IM^ 
composed  almost  entirely  of  pyrophosphoric  acid. 
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Its  aqneonfl  solution  forms  a  white  precipitate  of  silver 
pyrophosphate  in  solutions  of  silver  nitrate. 

H*P*0^  +  4AgN0»  =  Ag*PO^  +  4HN0» 

When  heated  with  water,  pjrophosphoric  acid  again  com- 
bines with  one  molecule  of  that  liquid,  and  is  converted  into 
plu»phoric  add  by  a  reaction  the  inverse  of  that  by  which  it 

ufonned. 

METAPHOSPHORIC  ACID. 

HPO« 

Fraparation. — When  phosphoric  acid  is  heated  to  redness 
in  t  platinum  crucible,  a  haid,  transparent,  vitreous  mass  is 
obtained  on  cooling ;  this  is  metaphosphoric  acid. 

It  is  formed  by  the  abstraction  of  one  molecule  of  water 
fiom  phosphoric  acid. 

ffPO*  —  H»0  =  HPO» 

It  may  also  be  obtained  directly  from  calcium  acid  phos- 
phate, the  preparation  of  which  from  bone-ash  has  already  been 
described.  A  slight  excess  of  dilute  sulphuric  acid  is  added 
^  the  concentrated  solution  of  this  salt,  and  the  insoluble  cal- 
cium sulphate  formed  is  separated  by  filtrati<jn.  Since,  how- 
ever, the  calcium  sulphate  is  not  entirely  insoluble  in  water, 
the  solution  is  concentrated,  and  alcohol  added,  which  com- 
pletely precipitates  the  sulphate.  The  liquid  is  again  filtered, 
the  alcohol  driven  off  by  evaporation,  and  the  residue  heated 
to  a  temperature  near  redness  to  remove  the  excess  of  sulphuric 
add. 

On  cooling,  a  vitreous  mass  of  metaphosphoric  acid  is  ob- 
tabed. 

An  aqueous  solution  of  metaphosphoric  acid  instantly  pro- 
duces a  precipitate  of  silver  metaphosphate  in  a  solution  of 
silver  nitrate. 

HPO»  +  AgNO»  =  AgPO»  +  HNO« 

A  few  drops  of  the  acid  solution  added  to  white  of  egg  sus- 
pended in  water  produces  an  abundant  white  precipitate. 

The  same  metaphosphoric  acid  is  formed  when  phosphoric 
pxide  is  thrown  into  a  large  quantity  of  cold  water,  or  when  it 
^  allowed  to  deliquesce  in  the  air.    Under  these  circumstances, 


176  ELEMENTS  OF  MODERN  CHBMISTRT. 

one  molecule  of  phosphoric  oxide  combineB  with  onlj  one 
molecule  of  water. 

P0»  +  ffO  =  2HP0» 


ARSENIC. 

Vapor  density  compared  to  air 10.ST 

Va{>or  density  compared  to  hydrogen  ....     150. 
Atomic  weight  As =    iy 

Arsenic  was  discovered  by  A.  Schroeder  in  1694. 
Natural  State  and  Extraction. — There  exists  in  nature  t 


The  preceding  considerations  establish  the  existence  of  thiee 
phosphoric  acids,  which  differ  both  in  composition  and  proper- 
ties. To  these  three  acids  correspond  three  salts  of  silver,  and 
it  will  be  seen  that  the  latter  differ  from  the  acids  only  bv 
containing  silver  instead  of  hydrogen,  a  substitution  which 
takes  place  atom  for  atom. 

ACIDS.  8ILTEB    SALTS. 

H^PO^  phosphoric  acid  (orthophot-  Ag^PO^  trieUver  phoff^iate  (ffll»-  j 

nhorio).  phosphate).  1 

H*P*0^  pyronhogphorio  acid.  Ag^P^O^  silver  pyrophosphate.  1 

IIPO^  mctaphoHpnoric  acid.  AgPO*  silver  metaphospnate.  j 

It  may  be  added  that,  independently  of  the  acids  and  nits 
of  which  the  composition  and  nomenclature  have  just  been 
considered,  others  have  been  described,  the  most  interesdog 
of  which  are  related  to  the  metaphosphatcs,  of  which  they  con- 
stitute polymeric  modifications.  That  is,  two,  three,  four,  or 
more  molecules  of  meta))hosphoric  acid  are  condeosed  in  i 
single  molecule*,  forming  more  complicated  acids. 

COMPOUNDS   OF    PHOSPHORUS  AND   SULPHUR. 

When  phosphorus  is  heated  with  dry  sulphur,  or  when  » 
mixture  of  the  two  bodies  is  melted  under  water,  they  combine 
with  a  vivid  combustion  which  is  sometimes  accompanied  by 
dangerous  explosions.  Tlie  action  is  less  violent  with  amor- 
phous phosphorus.  Aecr)rding  to  the  proportions  of  theee 
bodies  which  are  brought  into  contact,  several  combinations  of 
phosphorus  and  sulphur  may  be  obtained,  among  which  the 
trisulpliide,  P^8^,  and  the  pentasulphide,  P*S*,  correspond  to 
phosphorous  and  phosphoric  oxides.  The  pentasulphide  maj 
be  obtained  in  pale  yellow  crystals. 
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common  and  abundant  mineral  which  contains  iron,  sulphur, 
aod  arsenic,  and  which  is  called  mispickd;  it  is  a  sulphar- 
Knide  of  iron.  When  it  is  strongly  heated,  the  arsenic  is 
Toladlized  and  a  residue  of  iron  sulphide  remains. 

FeSAs    =    FeS     +     As 

lfis|rickel.         Iron  lalphide. 

The  operation  is  conducted  on  the  large  scale  in  earthenware 
cylinders  placed  horizontally  in  a  furnace.  The  arsenic  sublimes 
into  sheet-iron  pipes  fitted  to  the  open  extremity  of  the  cylin- 
ders which  extend  beyond  the  furnace.  The  volatilization  of 
^e  arsenic  is  facilitated  by  the  addition  of  a  certain,  quantity 
of  metallic  iron. 

The  arsenic  of  commerce  may  be  purified  by  distilling  it  with 
duircoal  in  a  stoneware  retort. 

Properties. — Recently-sublimed  arsenic  presents  the  appear- 
ance of  a  steel-gray,  crystalline  mass,  having  a  metallic  luntrc. 
Its  crystalline  form  is  an  acute  rhombohedron.  Its  density  is 
tbont  5.7. 

Arsenic  volatilizes  without  melting  at  a  temperature  below 
dull  redness.  Its  vapor  is  colorless.  When  it  is  heated  under 
strong  pressure  it  melts  to  a  transparent  liquid.  On  exposure 
to  the  air  it  loses  its  lustre  and  assumes  a  black-gray  color  ;  in 
this  case  its  surface  becomes  covered  with  a  thin  layer  of  a 
brown-black  pulverulent  substance,  regarded  by  some  chemists 
as  a  suboxide  of  arsenic. 

Arsenic  oxidizes  when  it  is 
heated  in  the  air  or  in  oxygen. 

If  a  small  quantity  of  arsenic 
be  thrown  upon  a  red-hot  coal, 
white  vapors  are  produced,  and 
&n  alliaceous  odor  is  percep- 
tible. 

A  fragment  of  arsenic  may 
be  strongly  heated  in  the  hori- 
»)ntal  branch  of  a  tube  con- 
taining oxygen  (Fig.  71) ;  the 
^etal  takes  fire  and  bums  with 
MiiLsh  flame,  producing  white  vapors  of  arsenious  oxide. 

If  arsenic  be  preserved  from  the  air  under  a  layer  of  water, 
U)  which  it  is  insoluble,  it  oxidizes  slowly,  in  such  a  manner  as 
to  forq^  a  small  quantity  of  arsenious  acid,  which  dissolves  in 
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the  water.  This  property  explains  the  efficacy  of  powdered 
arsenic  (coniuiereial  ctjbah)  fur  poisoning  flies. 

If  powdered  arsenic  be  sprinkled  into  dry  chlorine,  each 
particle  barns  with  a  bright  flash.  The  arsenic  unites  with  the 
chlorine,  being  converted  into  the  trichloride  AsCl'.  It  also 
combines  directly  with  bromine,  with  iodine,  and  with  salphor. 

Arsenic  is  used  to  harden  shot  to  prevent  the  leading^ 
fowling-pieces. 

HFDROGEN   ARSENIDE   (ARSINE). 

Density  oompared  to  hydrogen S9. 

Molecular  weight  Aall' ---78. 

Preparation. — This  pis  may  be  prepared  by  the  action  of 
hydrochloric  acid  upon  zinc  arsenide. 

'Au\W     +     GIICl     =     2A8H'     +     3Zna« 

Zinc  aracniiic.  Zinc  cbloridt. 

It  must  be  handled  with  prudence,  as  it  is  extremely  poisooooii 
Properties. — Hydrogen  arsenide  is  colorless ;  its  odor  ii 
prnetratin<^  and  jrarlicky.  At  a  rod  heat  it  is  deoompoeed 
into  arsenic  and  hydrotrrn.  On  the  application  of  flame,  it 
burns  in  the  air  with  a  bluish  light,  producing  fumes  of 
arsenious  oxide.  If  the  supply  of  air  be  insufficient,  arsenic 
is  (lei)(»sito(l.  With  one  and  a  half  times  its  volume  of  oxygen, 
hydr(»ji:en  arsenide  lornis  an  explosive  mixture,  the  products  of 
the  conil>inati(»n  being  watvr  and  arsenious  oxide. 

2AslP  +  ()« r^  As-C  +  3H«0 

Chlorine  decomposes  hydrogen  arsenide  with  a  flash  of  %!»' 
and  formation  of  hydrochloric  acid.  An  excess  of  chlorine 
yields  arsenic  trichloride,  but  in  the  presence  of  water,  aiBeDioQi 
oxide  is  formed. 

2AsII^  +  ()C1»  +  ?AVO  -=  As'O*  +  12HC1 

Water  dissolves  about  one-titUi  of  its  volume  of  hydrogen 
arsenide.  Wlien  this  gas  is  agitated  with  a  solution  of  cupric 
sulphate,  it  disappears  entirely  if  the  \::;as  be  pure,  and  leaves 
a  residue  of  hydrogen  should  that  gas  have  been  present  in 
the  free  state  in  the  mixture  (Dumas). 

aCuSO*     +     2AsII»    ==    (.\i\W     +     3H«S0* 

Cnprlc  aulphatc.  Cupper  arsenide. 

Silver  nitrate  solution  decomposes  hydrogen  arsenide;  silTtf 
is  precipitated,  and  arsenious  acid  formed. 

AsH«  +  6AgN0»  +3HH)  =  H'AsO"  +  6HN0»  +  A§f. 
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ARSENIC  CHLORIDE. 

AsCl* 

FreparatioxL — 1.  A  current  of  dry  chlorine  may  be  passed 
orer  powdered  arsenic  contained  in  a  retort,  the  neck  of  which 
H  fitted  to  a  cooled  receiver.  The  chloride  formed  condenses 
as  t  yellow  liquid,  containing  an  excess  of  chlorine,  from  which 
H  may  be  freed  by  distillation  over  powdered  arsenic  (Dumas). 

2.  A  mixture  of  40  grammes  of  arsenious  oxide  and  400 
grammes  of  sulphuric  acid  is  gently  heated  in  a  tubulated 
retort,  and  fragments  of  fased  sodium  chloride  are  gradually 
added;  arsenic  chloride  distils  over  and  condenses  in  the 
Peoeiver. 

3H»S0*  +  6NaCl  +  As»0»  =  SNa^SO*  +  2AsCl'  +  3W0 

Sodiam  chloride.  Sodlnm  Bulplutte. 

Ph)pertie8. — Arsenic  chloride  is  a  colorless,  oily,  and  very 
dense  liquid.  It  boils  at  134°.  Its  density  at  0°  is  2.05.  It 
gives  off  white  fumes  in  the  air,  and  is  very  poisonous. 

An  excess  of  water  instantly  decomposes  it  into  hydrochloric 
^id  and  arsenious  oxide,  which,  being  but  slightly  soluble,  is 
precipitated. 

2Afla»  +  3H*0  =  As^O»  +  6HC1 
ARSENIOUS  OXIDE. 

AsK)' 

PreparatioXL — This  dangerous  poison  is  obtained  in  the 
arts  by  roasting  arseniferous  minerals,  particularly  mispickel. 
Boasting  is  an  operation  which  consists  in  heating  a  mineral 
in  contact  with  air,  by  which  the  oxidizable  elements  present 
are  oxidized.  When  arseniferous  minerals  are  roasted,  arsen- 
ious oxide  is  formed  among  other  products,  and  volatilizes,  and 
is  condensed  either  in  wide  horizontal  chimneys  or  in  a  large 
building  divided  into  numerous  communicating  compartments, 
ttrough  which  the  vapor  is  led  consecutively.  It  is  collected 
in  the  form  of  a  powder,  and  is  resublimed  in  cast-iron  pots 
surmounted  by  sheet-iron  cylinders,  in  wliich  it  condenses. 

Properties. — Recently-sublimed  arsenious  oxide  occurs  as 
vitreous  masses ;  but  it  soon  loses  its  transparency  and  becomes 
Diilk-white,  presenting  the  appearance  of  porcelain.  When  a 
^wge  piece  of  the  opaque  oxide  is  broken,  the  interior  is  usually 
found  to  be  still  transparent  and  vitreous. 
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Arsenious  oxide  then  exists  in  two  forms:  the  vitrcooB 
variety  is  amorphous ;  the  opaque  is  crystalline.  The  former 
variety  changes  into  the  latter  by  a  molecular  transfonnation 
which  takes  place  in  the  midst  of  the  amorphous  vitreous  mafls. 

Arseni(»u8  oxide  crystallizes  in  regular  octahcdra  or  in  t^n- 
hedra ;  sometimes,  but  more  rarely,  in  right-rhombic  prismi. 
It  is  dimorphous. 

It  dissolves  slowly  in  cold  water,  in  which  it  is  but  sligfatlj 
soluble,  and  in  this  respect  there  is  a  curious  difference  between 
the  opaque  and  the  vitreous  varieties.  The  latter  is  three  times 
more  soluble  than  the  former ;  while  one  part  of  the  vitreou 
oxide  dissolves  in  25  parts  of  water  at  13^,  one  part  of  the 
opa<(ue  variety  re([uires  80  parts  of  water  for  its  solution  at  the 
same  temperature. 

The  acjucous  solution  of  arsenious  oxide  feebly  reddens  bhe 
litmus.  It  is  almost  tasteless.  It  may  be  regarded  as  coataiD- 
injr  normal  arsouit^us  acid,  H'AsO',  corresponding  to  normal 
phosphorous  acid,  H^'PO'' ;  but  this  hydrate  cannot  be  separated 
from  the  solution.  On  evaporation,  the  oxide  AsH)*  is  always 
deposited. 

2H'A80'  ==  As«0»  +  3IP0 

Tlie  aqueous  solution  of  arsenious  oxide,  neutralized  with 
ammonia,  jrives  a  frroen  prceipitAte  with  solution  of  cupricBol- 
phato  ;  tins  is  copper  arseuite,  or  Scheele's  green.  With  gilver 
nitrate  it  jrivcs  a  cimary -yellow  precipitate  of  silver  arsenite. 

Arsenious  oxide  is  more  soluble  in  hydrochloric  acid  than  in 
wat<»r.  If  a  slip  of  clean  copper  be  introduced  into  this  wlu- 
tion,  it  becomes  covered  with  a  steel-gray  or  black  coating  of 
arsenic. 

Rcinscirs  tost  for  arsenic  consists  in  boiling  the  suspectca 
substance  with  dilute  hydrochloric  acid  and  bright  metallic 
copper.  The  arsenic  is  deposited  upon  the  copper,  and  by 
carefully  heatinjic  the  latter  in  a  small  tube  the  arsenic  vola- 
tilizes and  is  (converted  into  arsenious  oxide,  which  condense* 
in  the  crystalline  form,  easily  recognizable  by  aid  of  a  mic^ 
scope. 

liy  the  action  of  zinc  the  solution  of  As'O*  in  hydrochloric 
acid  disen«rages  liydrojron  arsenide ;  the  zinc  displaces  the  hy- 
drogen of  the  hydrochloric  acid,  and,  by  the  action  of  thtf 
nascent  hydrogen  upon  the  arsenious  oxide,  water  and  hydro* 
gen  arsenide  are  formed. 

As«0»  +  GIP  =  3H'0  -f  2AbIP 


KanlL's  Apporatas. — The  reducing  action  of  uuncunt  h;^  I 
JriKwn  up-m  iiT'L-iiLiius  uxido  is  used  fur  the  dutwtion  of  dut  J 
anhtO^nvv  by  iho  iiid  of  itwrtti's  apparatai 

Thia  LiiDBWlB  of  un  apparalua  for  the  peneraliou  of  bydri))^  | 
(7^.73);  itutiDtainspiu'esbuiuiddilatesul|iliurii:iu:id,  und  the 
njdnigcn  burns  at  the 
drawn-out  jet  with  au 
almoHt  mlurlcsd  flaiue. 
If,  however,  a  few 
drops  of  a  solution  of 
■rKuioos  oxide  be  in- 
trodnwd  by  the  fun- 
Del-tube.  the  character 
of  the  flame  is  at  onee 
changed ;  it  becomes 
bluish,  eloDi^ted,  and 
diSows  a  white  muoke, 
ind  if  a  white  poroe- 

lun    aurfuee    be    de- 

preiiiBed   into  it,  large 

spiila  of    a   brownish 

culur    are     produoed. 

Thnw    are    composed 

of  itrwnic,  which  is  set  free  In  the  interior  of  the  flume  by 

thu  decomposition  of  the  hydrugeu  arxenide  by  tlie  huat. 


Fio-  72. 


Fig.   To  rcprL-aKiifn  B  ui.pi'-   )Ffii«-(   U'Viu  of  Miirsh's  appa- 
ndu.    The  hydrogen,  mixed  with  the  hydrogen  arsenide,  first 
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traverses  a  tube,  B,  filled  with  cotton,  designed  to  arrest  the 
small  drops  of  liquid  which  may  be  carried  with  the  gas ;  it 
then  passes  through  a  narrow  tube  wrapped  with  metaUic  foil 
and  heated  to  redness  in  a  tube-iumace.  The  hydrogen  arsen- 
ide is  decomposed  into  hydrogen  and  arsenic,  and  the  latter  is 
deposited  as  a  brilliant  black  mirror  in  the  cooler  portion  of 
the  tube.  (For  distinction  between  arsenic  and  antimony  by 
this  test,  see  page  186.) 

Marsh's  apparatus  permits  the  detection  of  the  least  trace 
of  arsenious  or  arsenic  acid  in  a  liquid.  It  is  of  great  value 
in  medico-legal  researches,  as  arsenious  oxide  is  a  common  and 
dangerous  poison. 

ARSENIC  ACID 

H'AsO* 

Preparation. — When  arsenious  oxide  is  heated  with  nitric 
acid  having  a  specific  gravity  of  1.35,  red  vapors  are  disen- 
gaged and  the  oxide  is  oxidized  into  arsenic  acid,  which  may 
be  obtained  as  a  syrupy  liquid  by  sufficient  concentration. 
When  lefl  for  a  long  time  in  a  cool  place  it  deposits  colorless 
crystals,  wliicli  constitute  a  hydrate  2H'AsO*  -f-  H*0  (E. 
Kopp).  Th(»se  crystals  are  very  deliquescent,  and  dissolve  in 
water  with  the  production  of  cold.  They  melt  at  100°,  losing 
their  water  of  crystallization,  and  there  remains  a  mass  com- 
posed of  fine  needles  of  the  normal  acid  H'AsO^ 

When  heated  for  some  time  to  a  temperature  between  140 
and  180^,  this  acid  loses  water,  and  is  converted  into  |>yro- 
arsenic  acid.,  IPAs^C. 

2IPAsO*  —  H^O  =  H*As«0^ 

Between  200  and  200°  another  quantity  of  water  is  driven 
out,  and  on  cooling  tliere  remains  a  pasty,  pearly  mass,  which 
is  met  arsenic  acid,  HAsO'\ 

irWsO*  —  IPO  =  HAsO" 

It  will  be  noticed  that  in  their  modes  of  formation  and  in 
their  constitution,  arsenic,  pyro-arsenic  and  metarsenic  acids  are 
analogous  to  the  corresponding  acids  of  phosphorus. 

Wlien  metarsenic  acid  is  heated  to  dull  redness,  it  loses  aD 
of  its  hydrogen  in  the  form  of  water,  and  is  converted  intc 
arsenic  oxide,  As-Q*. 

2HAsO»  —  WO  -^  As'O 


CONPOOKIIg   OF   8L-tPUCR  ANK  AKSE.VIO. 

At  this  Uiinpertiture  tlie  oxide  melu,  imd  ut  a  liright-i 
heu  it  id  deconiposMl  inln  nrsenUive  oxide  and  dxjgen. 
As'O*  =  Aa'D*  -f-  0' 

Wlien  espoaed  Ui  the  wr  it  absorW  moisture,  but  very  bIowS 
uid  even  wben  treatfd  with  vatut  it  retjuirva  a  ueriaiu  time  g^ 
BoiaiJon, 

tlrdinary  iir§onic  aeiU,  wliifh  raaj  be  tailed  ortliurflenio,  | 
very  colublo  in  water ;  iW  wilution  Btjongly  reddens  blue  litmU 
■nd  jioweasea  &  very  acid  taste.  It  \a  reduced  by  naseeut  hydro- 
^n,  like  lh(<  Holniion  of  oisenioun  oxide.  When  oeutralited 
iriih  amniuaiti,  it  ronua  a  bluiKli-wLit«  precipitate  with  solution 
of  mpric  Hulphale,  and  a  brick-rod  precipitate  with  silver 
nitrate.    Hydntgep  xulpbidc  producee  no  immiHliBt^  precipitate. 

X  8oIutii>u  of  Bulpburous  acid  rcdacce  arscnie  acid  to  arse- 
BiooB  oxide,  and  tlien  on  tbe  nddilinn  of  hydro^n  Bulphidc,  a 
w  precipitulc  of  arsenio  Huljihide,  As'S',  is  iljrmed, 


OMPOUNDS  OF  SULPHUR  AND  ARSKXIC- 
«  aiilpbides  of  orwnic  are  known: 

Anmle  di^olpbUe,  or  mUgar Ai'S' 

Anvnte  tHiulphidc.  nr  arpimsnt Ai'K' 

Iieu(uul|)hide At>8> 

oio  Dianlphide,  Aa'S*. — This  body  occurs  in  natnro  in 

■iniprircFil  red  crystnla,  which  belong  to  the  tj-po 

he  <>llti[Ui.'  rlidiiibic  prism. 

Is  obtained  UB  a  red  mute  having  a  concboidid  IrHctare  by 

75  partd  nf  ar^^nic  with  32  purls  of  sulphur.     It  is 

|ble,  »nd  may  be  crj-^itKlliEcd  by  bIow  cooling.    When  strtm^ly 

1  in  closed  vt^8BeU,  it  boils  and  distils  without  iillemlion, 

lirbuD  hcat^  in  the  air,  it  biirtin  into  arsenious  and  sulphur- 

EpxidM.     The  alkaline  sulphiili's  and  amuonluiu  eulphidc 

s  real^ir,  leaving  a  brown  powder  which  has  been  con- 

d  B«  a  tiDt«nIphide  of  ancnic.    Boiling  solution  of  potos- 

I  liydmte  nUo  disHolvcs  renlgiir,  fonniiig  a  mixture  of 

'nitit  and  BnlplianicDitc ;  the  liilter  is  a  soluble 

nrsptiie  triaulphidr  anil  pnlnsaiuin  sulphide ;  a 

n  powdur  rcuiuinti  undiHsolvifi. 

waio  TriBnlphide,  or  Orpiment,  As'S*. — Wh 

■  of  arseniuui;  oxide  is  submitted  to  the  action  of  bydr 
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sulphide,  the  liquid  aBSumes  a  yellow  color  without  the  fons*- 
tion  of  any  precipitate,  hut  if  a  drop  of  hydrochloric  acid  be 
added,  a  yellow,  flocculent  precipitate  of  arsenic  trisulphide  is 
formed  at  once. 

As'O*  +  3H«S  =  As'S'  +  3HK) 

The  composition  of  arsenic  trisulphide  correspondB  to  that 
of  arseniuus  oxide,  and  is  the  same  as  that  of  the  orpiment 
found  in  nature. 

It  may  also  be  obtained  by  fusing  together  arsenic  and  sol- 
pliur  in  the  proper  proportions,  or  even  arsenious  oxide  and 
sulphur;  in  the  latter  case,  sulphurous  oxide  is  disengaged, 
and  arsenic  trisulphide  sublimes.  Thus  prepared,  orpiment 
occurs  as  crystalline  masses  of  a  yellow  color,  bordering  npoD 
orange,  and  a  pearly  aspect.  Its  density  is  3.459.  It  is  foable 
and  volatile. 

Arsenic  trisulphide  obtained  by  precipitation  is  insolnUe  m 
cold  water,  and  but  slightly  soluble  in  boiling  water,  but  it  v 
very  soluble  in  ammonia.  By  continued  boiling  with  water,  it 
yiekls  hydrogen  sulphide  and  arsenious  acid  (de  Clermont 
and  Frommel ).  It  is  also  dissolved  by  solutions  of  the  alki- 
lino  sulphides  with  the  formation  of  sulpharsenites,  oomponodB 
of  two  sulphides,  in  which  the  alkaline  sulphide  plays  the  part 
of  a  base  and  the  arsenic  trisulphide  the  part  of  an  acid 
Orpiment  also  dissolves  in  solutions  of  the  caustic  alkalies  with 
the  formation  of  an  arsenitc  and  a  sulpharscnite. 

Arsenic  Fentasulphide,  As-8*. — By  the  prolonged  action 
of  hydrogen  sulphide  upon  a  solution  of  arsenic  acid,  a  pale- 
yellow  precipitate  is  obtained,  which  is  a  mixture  of  the  triaol- 
phidc  and  sulphur.  Arsenic  pentasulphide  has  been  obtained 
by  fusing  together  the  proper  proportions  of  sulphur  and 
orpiment. 

It  corrcspc^nds  to  arsenic  oxide. 

As'^0*  As»S» 

Areenic  uxide.  Arsenic  mlphlda. 

The  alkaline  sulphides  dissolve  it  with  the  formatioD  of 
sulpharsenates.  Among  the  latter  there  is  one  having  the 
composition  K^AsS*,  and  which  corresponds  to  the  arsenate 
K'AsO*.     It  is  formed  by  the  following  reaction : 

As\S=^  +  :5K^S  =  2(K»AsS*) 


ASTmONT. 

ANTIMONY. 

Sb  =120 
Antiiuony  U  generally  dnascd  with  tlic  nietnls.     It  i 
powc^M'S  tli«  lustre  of  a  mcul,  and  it  iiinilucta  lirat  and  oImk  1 
tricity ;  but  in  a  true  ohemical   claasificiitiuii  these  physioilj 
pFopcrlies  cannut  overboUncu  the  uio^t  strikiiijj  vhooiical  a. 
O0ea.     By  Lie  aSnitice,  and  by  ilie  nHtaro  and  constitution  of 
iia  comfKitinds,  antimony  niuat  find  a  jilave  by  the  side  c~ 
orwiiic.   wiiieh  uiUHt   itaelf  bu  ot4Uiw<l  with  phospbunu  ai 

ICetaUnrgy  of  Antimony. — Tliu  most  L-ommon  ore  of  and-  I 
Qif<iiy.  nliich  is  n  >t>il|)liid(?,  vioA  knuwn  t.i  lliu  andenbt.     Tlwl 
mptol  is  cxtravU'd  IVr>m  it  by  a  very  simple  prucew.     The  sol-a 
phidc  is  fir^  eepnrutcd  liy  fiwiun  t'roni  the  earthy  mai 
nJted  gaitffue,  with  wbioh  it  is  a£:isuciated ;  it  Vi  then  i 
or  hrated  in  contact  with  air.     The  sulphur  is  in  great  \. 
expelled  in  the  form  of  flulphurous  oxide  giut,  and  tlie  antiuony 
Lh  (tjnveneil  into  iixide,  vrliicli   still   eoutainit  Monie   uudeoimi- 
jiuwd  ftulpbide.     The  whole  ia  tUen  pulvfriKod,  and  lliu  pow- 
der mixed  will)  pulveriHid  eliarenul  ini|irei>:nited  with  sudiuui 
hydratv.     Thi»  mixture  is  caloiiied  in  cniuiblea,  nod  the  nnti- 
mriny  oxide  and  a  portion  of  the  milphide  are  reduced  by  the 
charcoal ;  «odiuin  sulphide  is  also  fonucd,  and  this  disswives  a 
portion  of  the  antimony  sulphide,  fiirming  a  flux  which  float» 
npon  the  molten  antimony  \  aftor  cooling,  the  latter  is  foiiitd"| 
at  the  bottom  of  the  crucible  ns  a  button,  easy  to  separate  from  j 
the  scoria). 

By  another  proeeaa  the  antimony  sulphide  is  fused  with 
Bu-'iiilliL'  iron.  Iron  sulphide  and  anliuiony  are  f.mued,  and 
the  latter  coUeeta  at  the  bottom  by  resson  of  its  greater 
d,-iu.il,y. 

l''-rfi'''tly  ]iuro  antimony  is  prepared  in  the  laboratory  liy 
nlimonnns  or  nntimonic  oxide  by  charcoal. 


Propertiei. — Antimony  is  a  brilliant  white  metal,  hnvin";  a 
cli^htly  bluish  lustre;  it  is  brittle,  and  has  a  hiniinateil  friie- 
(ure.  Its  density  is  t).7I5.  It  melta  at  about  46(1°,  and 
iii'n*<ili1v  vaporizes  at  a  white  heat. 

Antimony  may  be  cryBtalli^ted  by  allowing  lai^re  masses  of 
the  liLncd  metal  to  cool  slowly,  and  decanting  the  liquid  por- 
tion      Small   Bcnte   rhombohcdm  may  bo  obtained   in   thia 
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When  heated  in  contact  with  air,  antimony  is  oonyeited 
into  antimonous  oxide,  Sb'O*. 

If  a  fragment  of  antimony  be  introduoed  into  a  ctvi^ 
Bcraped  in  a  piece  of  charcoal,  and  the  flame  of  a  blow-pipe  be 
directed  upon  it,  it  melts,  becomes  red-hot,  and  gives  off  white 
inmes.  If  now  the  molten  globule  be  allowed  to  fall,  it 
breaks  up  into  a  multitude  of  smaller  globules  on  strikiDg  the 
floor,  and  each  particle  rebounds  into  the  air  as  a  briOiant 
spark,  leaving  behind  it  a  train  of  smoke. 

Powdered  antimony  bums  brilliantly  in  dry  chlorine.  Type 
metal  coutains  twenty  per  cent,  antimony  and  eighty  per  cent 
lead ;  the  alloy  is  hard,  and  takes  a  sharp  impressioD  of  the 
mould. 

HYDROGEN   ANTIMONIDE  (STIBINE). 

There  is  a  compound  of  hydrogen  and  antimony  which  cannot 
be  obtained  in  the  pure  state  at  ordinary  temperatures,  but  which 
is  the  body  SbH*.  It  is  decomposed  by  heat,  and  the  deoom- 
position  of  the  pure  compound  begins  between  —65  and  — 56®; 
it  can  be  prepared  largely  diluted  with  hydrogen  by  the  action 
of  nascent  hydrogen  upon  a  solution  containing  antimony:  when 
decomposed  by  heat  it  forms  metallic  rings  and  mirrors,  whieh 
it  is  of  importance  to  distinguish  from  those  formed  by  arsenia 
The  following  difieronces  are  sufficient  for  this  purpose : 

The  antimony  rings  are  not  displaced  when  heated  in  a 
current  of  liytlrogtm ;  the  arsenic  rings  are  volatilised,  and 
c<)ndense  in  a  cooler  portion  of  the  tube. 

The  spots  and  rings  of  antimony  are  not  dissolved  by  a  win- 
tion  of  sodium  hypochlorite  { Labarraque's  solution),  which  at 
once  dLssolvtvs  those  of  arsenic. 

The  antimony  spots  are  readily  dissolved  by  a  drop  of  nitric 
acid,  and  the  Ii(juid  leaves  on  evaporation  a  white  residue, 
which  is  not  colored  by  the  addition  of  a  drop  of  silver  nitrate 
solution.  T'nder  the  sani(^  circumstances,  the  arsenical  spot* 
leave  a  white  residue,  which  assumes  a  brick-red  color  when 
moistened  with  a  solution  of  silver  nitrate,  owing  to  the  for- 
mation of  silver  arsenate;. 

COMPOUNDS  OF  ANTIMONY   AND  CHLORINE. 

Antimony  trichloride SbCI* 

Antimony  pcntaehloridc SbCl* 

Antimony  Trichloride,  SbCP.— This  compound,  formfiilf 
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known  as  batter  of  antimony,  is  formed  by  the  action  of  hy- 
drochloric acid  upon  antimony  sulphide.  It  is  generally  pre- 
pared in  the  laboratory  from  the  residue  from  the  preparation 
of  hydrogen  sulphide.  This  acid  liquid  is  distilled  in  a  retort 
provided  with  a  receiver,  which  is  changed  as  soon  as  the  anti- 
mony chloride  which  distils  over  begins  to  crystallize  in  the 
neck  of  the  retort. 

This  chloride  is  solid,  transparent,  and  colorless.  It  melts 
at  73.2^,  and  boils  at  230^.  It  dissolves  in  water  charged 
with  hydrochloric  acid,  forming  a  colorless  solution,  but  when 
this  liquid  is  diluted  with  water  there  is  formed  an  abundant 
white  precipitate,  long  known  as  powder  of  Algaroth.  It  is 
an  oxychloride  of  which  the  composition  does  not  appear  con- 
stant. There  is  one  which  contains  SbOCl,  and  which  can  be 
regarded  as  antimony  trichloride,  in  which  two  atoms  of  chlo- 
rine have  been  replaced  by  one  atom  of  oxygen. 

It  is  formed  by  a  double  decomposition,  according  to  the 
following  reaction : 

SbCl'  +  H'O  =  2HC1  +  SbOCl 

Antimony  Pentachloride,  SbCl*. — This  is  formed  by  the 

action  of  an  excess  of  chlorine  upon  antimony  or  upon  the 

trichloride.    It  is  a  yellow  liquid,  giving  off  white  fumos  in  the 

air.    It  is  volatile,  but  cannot  be  distilled  without  undergoing 

a  partial  decomposition  into  chlorine  and  antimony  tricliloride. 

Vhen  exposed  to  the  air,  it  absorbs  moisture  and  is  converted 

into  a  crystalline  mass,  which  is  a  hydrate  of  the  pentachloride. 

When  treated  with  a  large  excess  of  water,  it  is  decomposed 

with  production  of  heat,  and  formation  of  pyrantimonic  and 

liydrochloric  acids. 


COMPOUNDS  OF  OXYGEN   AND  ANTIMONY. 

Two  oxides  of  antimony  are  known,  corresponding  to  those 
of  phosphorus  and  arsenic : 

Antimonoua  oxide Sb'C 

Antimonio  oxide Sb'^0^ 

Normal  antimonic  acid,  H'SbO*,  corresponding  to  phosphoric 
^^  arsenic  acids,  is  not  known  in  the  free  state,  but  a  derivative 
of  this  acid  exists  and  may  be  regarded  as  antimony  antimonate. 
its  composition  is  Sb'O*,  and  it  is  derived  from  antimonic  acid 
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by  the  substitution  of  an  atom  of  antimony  for  three  atoms  of 
hydrogen. 

H'SbO^  antimonio  acid. 
SbSbO^  antimony  antimonate. 

There  is  a  pyrantimonic  and  also  a  metantimonic  add, 
analogous  to  the  corresponding  phosphorus  acids : 

H*Sb*0'  pjrantimonic  acid. 
HSbO*  metantimonic  acid. 

ANTIMONOUS  OXIDE. 

Sb«0» 

This  is  obtained  by  oxidizing  the  metal  in  the  air.  The 
operation  may  be  conducted  in  two  crucibles  placed  one  above 
the  other,  an  opening  being  pierced  in  the  upper  one  for  the 
access  of  air.  They  are  heated  to  redness  in  a  furnace,  and  on 
cooling,  the  antimony  is  found  'to  be  partially  converted  into 
brill ijint  needles  that  the  ancients  called  silver  flowers  of  anti- 
mony. The  crystals  are  right  rhombic  prisms,  mixed  with 
regular  oetahedra,  for  antimonous  oxide  crystallizes  in  two 
forms,  presenting  the  same  character  of  dimorphism  as  arsenious 
oxide.    The  two  compounds  are  hence  said  to  be  tsodimorphaus. 

When  solution  of  sodium  hydrate,  or  better,  sodium  carbon- 
ate, is  poured  into  solution  of  antimony  trichloride,  a  white 
precipitate  of  antimonous  hydrate  is  formed,  and,  in  the  latter 
case,  carbonic  acid  gas  is  disengaged. 

SbCP     +     3XaOH     =     ffSbO»     -f      3NaCl 

Sodium  hydrate.      Antimonons  hydrate.     Sodiam  chloride. 

Tliis  hydrate  readily  parts  with  a  molecule  of  water,  being 
converted  into  another  hydrate,  HSbO^. 

H^SbO^  —  IPO  =  HSbO* 

ANTIMONY   ANTIMONATE. 

Sb«0* 

This  compound  Is  formed  when  antimonous  oxide  is  heated 
for  a  long  time  in  the  air,  oxygen  b(»ing  absorbed,  or  when 
antimonic  oxide  is  strongly  calcined,  oxygen  being  then  disen- 
gaged. 

it  is  a  white,  infusible  powder,  undecomposable  by  heat  and 
insoluble  in  water. 


AMTIHCtmci  < 


ANTIMONIC  OXIDE  AND  ACIDS. 
WliMi  powderoii  nnlimony  in  heuMd  with  tHiiictniratcd  ui 
kH,  a  trliitc  pciwdiT  U  obluini'd,  whii'li  tH  Diel«iitimunio  a 
It  iiinlnitis  iiuu  ntiim  of  hydn^ii  capublu  uf  bi-ing  nipliu'eij  b 
mi  rfiuivuJi'iit  quantity  of  iiiulnl,  and  tUus  uoiTe6]Hiiid:»  U 
phiKSjihiirii,-  iiL-iil. 

m-O"  HSliO"  KSLO* 

BeUpbuiitauric  uld.    HoUOUuionlc  Kid.    l-irtwluiu  mrUi.llniui 

When  ii  w  hentud  to  dull  reUneas,  it  Iobi-b  waivr  und 
*ert«d  into  aDiimunic  uxidu. 

2H8bO'  —  H'O  ^  Sb'O' 

If  uiliinony  pcntncliloriilo  bo   poured   into  nn  exceaa  i. 

wsier.  a  while  prc(npil»i«  of  pyrwilimoiiic  aiiil  is  formecl 

It  is  ibc  RDoJogue  of  pirroi>h<i»{>horie  ncid,  and,  like  the  tatw 

s  four  tittiiuN  of  byurogen. 

H'FO'  H'Sb'O'  K'Sb'O' 

Itrl.  FfniitlIii..uUI  ■eld.       PnUKlimi  rrrmlillD 

Atvnrdin^   tii    Frcniy,    poUissinm    pjrrunliiuuiutc   uiiiy   1 
oblainiHl  hy  bi-utiii^  mrtunttmunio  auid  or  putoxsiuui  muluntl*! 
mtiuule  witii  |K)Us»inni  liydratc,  in  a  silver  iTucible. 

2KSbO"    +     2K0H     ^     K*Sb'0>     +     H'O 

PnlHlum  i-iiuuiion  Potaa^iiin 

■MUudmunsU,  bjrdntF.  pjrnnilinoinu. 

Tlio  niot«itin)nnate  may  be  eitraclcd  by  walpr,  in  which  ifij 
in  nJublo,  ih^m  thti  w)iil«  mass,  <»Jli^  liy  tlit^  ntitienls  diiir 
tihonlif  iiiitiniiiiiif,  whicli  ii*  iililnincd  lij  deflagrating  in  a  rtnl- 
tul  (.Tuuible  a  mixture  of  t  parts  iif'  iiiire  (polawiuin  nitrnlej 
mid  I  part  "f  powdcrod  ontimonjf.  CiJd  waWr  first  disaulvcs 
[Hit;if«iuiu  nilrnte  from  this  ninw,  and  llicn  pntjiatitiin  uiclanti- 
unuatc.  Tlie  wilution  of  the  latlor  nail  pruduecs  with  liyilro-  ^ 
vhloriu  add  a  whito  prccipitaU  of  metantininuic  acid. 

SULPHIDKS  OF   ANTIMONY. 
(Vvn  eulpbiilm  of  nuLiniaDy  arc  known  : 

Aallmati]'  li)>iilpbid«,  bt  nntimnaoiiii  sutpiiiilit       .     .     ?\flS' 
Antimonj' |ic(itiuu]|)1iide,  iir  uutiinonio  luljihiJc    .     ,     Sli'S^ 

I  Antimoiions  Sulphide,  Sl>'S'. — Tlus  cniu|H)und,  oniinaril 
~   '  sulpbidt'  of  antimony,  uet-un  bntb  lu  tbu  i^rynlalliB 
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form  and  amorphous.  Cry.stallizedj  it  exists  in  nature  and  L* 
the  mineral  commonly  known  as  stibium.  It  is  separated  from 
its  gangue  by  fusion,  and  is  thus  obtained  in  gray  masses  com- 
posed of  brilliant  needles  having  a  metallic  lostre. 

Amorphous,  it  constitutes  the  orange-colored  predpitate 
formed  by  the  action  of  hydrogen  sulphide  upon  a  solution  of 
antimony  chloride.  The  precipitate  is  msoluble  in  ammonia,  Imt 
dissolve8  in  ammonium  sulphide  and  in  the  alkaline  sulphides. 

Antimony  trisulphide  is  reduced  by  hydrogen  at  a  high  tem- 
perature ;  hydrogen  sulphide  is  formed,  and  antimony  remiiii& 

Wlu^n  heated  in  the  air,  antimony  sulphide  is  oxidised  with 
formation  of  sulphurous  oxide  and  antimonous  oxide.  The 
incompletely  roii.sted  residue  melts  at  a  red  heat,  and  on  cool- 
ing assumes  the  form  of  a  brown  vitreous  mass  called  ^as 
of  antimony.     It  is  an  impure  oxysulphidc  which  appean  to 

contain  the  compound  Sb*S*0  =  «.  «  [  O. 

Antimony  trisulphide  is  used  in  pyrotechny,  adding  to  the 
brilliancy  of  colored  fires. 

Antimony  Fentasnlphide,  Sb'S^ — When  finely-palreriied 
antimony  tri.sulplii(le  is  digested  with  sulphur  and  a  soIutioD 
of  sodium  hydrate,  or  a  mixture  of  sulphur,  sodium  carbonate, 
and  lime,  the  antimony  sulphide  gradually  dissolves  in  the 
li(|uid,  combinin<<;  both  with  sulphur  and  with  the  sodium  ral- 
j)hide  formod.  The  product  of  the  reaction  is  a  sulphantimo- 
nato  of  sodium,  which  is  deposited  in  fine  crystals  from  the 
coneontrated  liquid. 

Sb^S^     +       3Na^S      =         2Na»SbS* 

Sodiiiu)  Bulphide.        Sodium  inlphantiinoiiAte. 

The  crystals  of  this  compound  contain  9  molecules  of  walflf 
of  crystiiHization.  It  corresponds  to  the  sulpharscnate  ah«adj 
mentioned,  and  to  trisodium  phosphate,  Na'PO*. 

It  is  soluble  in  water,  and  on  the  addition  of  hydrochloric 
acid  to  its  solution,  liydrojrim  sulphide  is  disengaged  and  anti- 
mony pentasulphido  is  ]>recipitated. 

2Na*SbS*  +  GlICl  =  GNaCl  +  Sb»S»  +  3ffS 


General  Considerations  upon  the  Elements  of  the  Hitro- 
gen  Oronp. — Nitro*::en,  phosphorus,  arsenic,  and  antimony, 
and  bismuth  mi(>:ht  bo  addiul,  form  a  group  of  elements  alhed 
by  the  most  striking  analogies.     This  is  made  manifest  by  tba 


Uomio  ootniMation  of  their  etimpouuiis.  as  w 
fuilowiD};  synopeifi : 

HTDKOHEN   Cil  MIHil'MDS. 


CHLORINE  CnM 

NCP  Pn*  AsCI' 

Kllncta  PliiHiplii^riu  ArKnlc 


NltruitMi  trtoiliK     Ctuapbi 

N'O*  F0» 

nmcn  putollilt-    rtioaptmrlo  nilde. 


w  iBiitictilandK  A I 

IXTOEN    COMPOUNDS. 

P'O*  AaK)" 


ShW 


H\0' 


iisbo* 


n'po*         WAsCf  — 

—  ii'PO'         R'As'u'        n'syo' 

P)iPHihii«plBirii1  Kill.  Pj™-«riw"lc  Kill.    PjlBKinllmonlO  Ml 

HNO*        n  PC         n.-^fiO*         iisbo* 

If  the  Analogy  bctwopii  nilTuRnn  and  iilnwiiliurus  were  emni 
|iler«>,  thwe  shnuM  be  mi  orlhonilric  rhiI.  TPNO'  -  HNt)'  + 
H'O.  oorrMpi'iMting  to  ordinnry  or  oribupbo^iibunr  iicid.  This 
acid  is  nut  known  as  a  dcfiniit  hydr.id 
which  «re  derived  from  it,  Thnu,  bi«ii 
K»D  be  rej^rdcd  w  a  sail'  of  orthonitr 
AiuniB  of  hydrofi^Q  »re  replaced  by 
iaemnlifa. 

k  BORON. 


HulpiiilMU'.  BiNO*. 
■id,  in  wbii-!i  thre 
atom  of  triatonia'J 


Boron,  the  radical  of  boric'  aoid.  was  disoovered  by  ( 
Limac  anil  Thcndrd  iu  1808.     It  ia  possible  tliat  the  elemei 
l>aji  not  yet  bwa  obtaiood  iu  u  perfvctly  pure  eUitc. 
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Preparation. — 100  parts  of  powdered  boric  oxide  are  fused 
with  GO  parts  of  sodiuui,  in  small  fragments,  in  an  iron  cruci- 
ble ;  40  or  50  parts  of  sodium  chloride  are  added,  to  increase 
the  fusibility  of  the  mixture,  and  the  crucible  is  covered.  The 
reaction  yields  sodium  borate  and  boron : 

2Bo«0»     +     3Na»     =     2Na'BoO*     +     Bo'. 

Boric  oxide  Sodium  Sodium  borate. 

When  the  reaction  has  terminated,  the  still-liquid  mass  is 
poured  into  water  acidulated  with  hydrochloric  acid.  The  sodi- 
um borate  dissolves,  and  the  boron  remains  as  a  greenish  powder. 

Properties. — Boron  is  amorpbous,  infusible.  It  must  be 
dried  at  ordinary  temperatures ;  if  heated  to  300®  in  the  air, 
it  burns  into  boric  oxide.  When  heated  in  a  current  of  hydro- 
gen, it  becomes  brown  and  much  more  inalterable  in  the  air. 
Its  combustion  in  pure  oxygen  is  very  brilliant,  and  it  poseesses 
a  singular  aflSiiity  for  nitrogen,  with  which  it  combines  directly 
at  a  red  heat,  forming  a  nitride,  BoN.  When  heated  to  duU 
redness  in  an  atmosphere  of  nitrogen  dioxide,  it  burns  into  t 
mixture  of  boric  oxide  and  boron  nitride  (W^ohlerand  Deville). 

Boron  doooniposcs  water  at  a  red  heat,  and  otherwise  behaves 
as  an  energetic  reducing  agent. 

When  boric  oxide  is  fused  with  aluminium,  boron  is  set  free, 
and  aluminium  oxide  is  formed :  Al*  -|-  Bo*0*  =  A1H3*  -f  Bo'. 

The  liberated  boron  combines  with  a  portion  of  the  aln- 
Tuinium,  forming  a  compound  which  crystallizes  in  brilliant, 
black,  square  octahedra,  having  a  density  of  2.63  and  almoet 
as  hard  as  the  diamond.  These  crystals,  which  may  be  obtained 
by  treating  the  cold  fused  mass  successively  with  hydrochloric 
acid  and  pot^issium  hydrate,  were  long  supposed  to  be  crystal- 
lizod  boron,  but  they  are  really  a  complex  compound  of  boron 
and  aluminium,  coiitiiining  also  carbon,  and  being  yellow  in 
color  if  the  reduction  be  made  in  a  carbon  crucible. 

BOIlOx\   CHLORIDE. 

BoCl» 

Preparation. — This  body  is  formed  when  dry,  amorphous 
boron  is  heated  in  a  current  of  chlorine.  It  may  be  prepared 
by  the  action  of  chlorine  on  an  incandescent  mixture  of  boric 
oxide  and  charcoal 

Bo'O'  +  3C  +  3C1»  ==  2BoCP      +      3C0. 

Bcric  oxide.  Borun  chlorid*.      Outon  moaoiUt 


BOBON    PLr.ORIDK. — BOKIC  ACID. 

Properties. — In  a  siale  'Jf  purily,  boron  chloride  is  n  color 
l«ee,  mobile,  aiid  highlj-rpfraL'tiye  iiijiiid,  boiling  at  17°.     It 
foiue!)  in  thr  lur,  uod  \s  ruwlilj  davomiiosod  lij  wator  iolo  tioriq;  * 
Biid  hjdrocliloric  ncids. 

BoCT  -f  aU'O  =  3HC1  +  Bo(OH)* 

t  BORON   FLUORIDE. 

BoFl» 

Dentil^  OKDlive't  tu  Air l.Sl 

VnoiiXy  DoiDiinmd  la  bjdrDgea 34. 

Freparatioo. — Bnmn  flunridu  was  discovered  by  Guj-l 
anil  Tlii-niuril  iu  181II.  It  Is  prvpureil  by  Ui^iiUng  in  a  glaM 
rvlort  on  inlimntc  mixture  i>l'  one  pari  of  boric  oiido  and  two 
pMl»  of  powdered  calcium  flnoridc  with  twelve  parte  of  «iil- 
phimc  ncid-     The  gas  disongugi'd  ia  collected  over  niorcury. 


Propertiei. — Boron  fluoride  i»  a  colorless  gas,  havit^;  a  avf- 
fui»tiD<^  odur.  It  [irodaves  abundunt  fumea  in  the  air,  and  IB 
very  soltible  in  wuter,  whirh  dissolvr^  about  800  times  ils 
vulumu  of  this  gxe.  Its  affinity  for  water  is  so  great  that  it 
earbiinizta  puper  iui<l  analoirt^us  organic  subiitanoes,  from  wliieh 
"Vntnovi^  the  elements  nf  water. 

aolutjnn  of  boron  fluoride  in  water  Is  aepompanied  by%B 
IckI  rcantion  ;  whr^n  thf  :ki:|Tieom4  eolation  of  this  gas,  ^^atil*  M 
«t  lh«  ordinary  temperature,  is  cooled  to  (1°,  crystals  of  I 
none  nrid  are  deposited,  and  a  rery  acid  liquid  is  obt^nedtl 
luuiwn  OS  hydroflnoboric  ooid ;  its  coiujiosition  is  expressed  t^  J 
Uta  fonuolB :  " 

BoFl'H  =  BoFl'.HF! 


CBrbiin 


H'EoO' 
J  acid  waa  discovered  by  Homberg  i 
1  the  free  «tHtc  in  the  craters  of  cotIIUbJ 
in  aolution  in  the  tnyoin  of  Mont«-l 
Thme  are  muddy  little  lakes,  throng  I 
which  ariM  the  gaseous  omanntions  Irom  the  fissures  of  a  vobj 
caaio  hoU.    The  quks  (tuffioui)  mntiuu  sensible  Iraoes  of  boritfj 
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acid,  which  is  dissolved  by  the  water  of  the  lagom.    On  em^ 
oration,  this  water  ^rnishes  the  crude  boric  acid. 

Large  quantities  of  borax  (sodium  borate)  are  obtained  from 
Borax  Lake  and  from  Lake  Clear,  about  two  hundred  and  fifij 
miles  north  of  San  Francisco,  California.  Calcium  bonte  tna 
the  principal  compounds  of  boric  acid  are  abandant  on  the 
Pacific  slope  in  the  United  States  and  in  Chili. 

In  the  laboratory,  boric  add  is  prepared  by  deoomposiog  a 
boiling  saturated  solution  of  borax  or  sodium  borate  with  dilute 
sulphuric  acid.  The  latter  is  added  in  small  portions  until 
the  liquid  strongly  reddens  litmus-paper;  the  eolation  is  then 
allowcKi  to  cool,  and  the  boric  acid  separates  in  the  cryBtalliDe 
form. 

Properties. — Pure  boric  acid  crystailises  in  pearly  Bcaks, 
somewhat  greasy  to  the  touch.  It  dissolves  in  25  parts  (X 
water  at  18^,  and  is  much  more  soluble  in  boiling  water.  Hie 
solution  is  feebly  acid,  and  changes  blue  litmus  solution  to  i 
wine  color.  Boric  acid  dissolves  in  alcohol,  and  the  solotioa 
burns  with  a  green  flame. 

When  heated  to  100^  it  loses  one  moleeule  of  water,  and  is 
converted  into  metahoric  acid,  HBoO*.  If  the  latter  be  iMi»- 
taiued  for  a  time  at  a  temperature  of  140^,  it  is  converted  into 
tetraboric  acid,  H'Bo*0\ 

4HBoO'  =  H'Bo*0'  +  HH) 

When  boric  acid  is  heated  in  a  platinum  crucible  to  a  ten- 
peraturc  near  n;dness,  it  loses  all  of  its  water,  melts,  and  eoUdi* 
fies  to  a  transparent  glass  on  cooling.     This  is  boric  oxide. 

2IPBuO»  ^  Bo«0»  +  3HH) 

At  a  red  heat  this  body  dissolves  a  great  number  of  solid  wir 
stances,  particularly  the  metallic  oxides;  it  then  yields  varidtfij 
colored  gla.sso,«^  on  c«M)ling. 

Boric  oxide  is  not  decomposed  by  charcoal  at  a  red  heat, brt 
is  converted  into  boron  chloride  by  the  simultaneous  actioaoi 
chlorine  and  charcoal. 


SILICON. 

Si  =  28. 

Like  boron,  silicon  exists  amorphous  and  in  the  djitalB^ 
form.     It  was  discovered  by  Berzelius  in  1825. 
Preparation.     1.  Amorphous  Silicon. — ^Diy  sodio-aiBfl^ 


kde  ia  heit«d  with  half  iis  «<>i|-ht  of  mci 
1  flnorido  is  furmed  und  fiiliwD  is  set  free. 
Nm'Fl'.SiFl'     +     2.\«'    =    6NaFI     4 


POn  eooliii);,  the  muM  is  esliaiiflied.  first  wilh  i-old,  and  afUv^ 
with  iiDt,  wnt^ir;  »  brown  powder  of  amorphous  ailicoh 

f&  CrytlaBarA  SHiixm. — DeviUt"  and  CaroD  oblainpd  crj-p- 
,  .llhKd  silicon  by  pntiecting  a  mixture  of  3  parts  of  jmf iissimii 
and  nilicon  double  niioridc,  4  parts  of  linc.  and  1  part  of 
Rodinin  into  u  rr^d-lmt  trniuible.  Fluoride  of  twdiuui  in  furnied, 
and  iho  silii^u  in-l  iire  dissolves  in  the  zinc;  and  eojmruioti  in 
the  cryatalliuo  Ibnu  on  oniiliii):;  it  is  isolated  from  tlio  xiiit.- 
by  diMolviiic  the  button  in  h3fdi\)chlorii!  at-id;  the  silicon 
remaiiis  in  the  form  of  brilliant  laminoj  or  ncedlcH.  Theso 
(TjHtals  are  of  a  dark  steel-gray  (.'olor,  and  possess  ii  metullio 
lustre;  they  are  comfrosed  of  chaplcte  of  regular  octahedra. 

Propertiei. — Aiiiori)lious  oilieon  is  a  brown  powder,  mure 
rk-HM-  ibnii  water,  in  wbieh  it  is  insidnhle,  and  produdn^  dark 
simitid  on  tlic  fin$n.-n>.  When  heat^  in  the  air,  it  takes  fire  and 
B  with  a  hrisjlit  li^ht  into  silitic  oridc,  8iO'. 
MallixMl  siliiwn  las  a  denai^  of  '2.49.  It  may  be  beateft 
rixypiii  without  takinf;  fire,  but  when  it  is  calcingV', 
^k  potasiuum  mrbonatc  the  latter  is  decomposed  wilh  a  vivid 
flDumon  nf  light,  potiwsinm  diliciLtc  being  formed  and  carbon 
beinji  set  tro«.  CrfstolHted  silieon  resists  the  oxidizing  action 
of  biith  pntajsaium  nit.mtc  and  fKitassiiuo  ehlorste,  but  it  dis- 
sulv<«  slowly  in  a  bruliug  siduiion  of  lajtassiiun  hydrate,  hydro- 
j^u  beinp  disenpaged  and  jiotflBniiuu  silieale  being  formed.  It 
burns  when  heated  lij  redness  in  an  atmosphere  of  chlorine, 
aUoon  chloride  being  formed. 

HYDROGEN  satCIDE. 

probable  r.imula  Sill' 
kratioiL — This  compouml  was  discovered  liy  Wiihl.. 
Buff  in  IfiST.     Majtneaium  mlieido'  is  introdiiwd  into  I 
d  Iwttle,  which  is  ihia  L'titirely  filled  with  « 

pirfmrw  tbio  silicidr  I.*  funinp  in  a  pfSFibln  a  mil 
pari*  ••'  mniriiniam  chlnriile.  ^i  jxiVu  of  nllii-Dn  «nil  Mdium  ilaublc  fla« 
Id*.  ■Dil  !  11  parU  nr  hHtiain  ahliiriilc.  IhiHf  ulu  U'rng  fnriaatlj  mlW 
ailh  10  pula  of  Mdlam  la  mluuti>  rriigiDiniU. 


4 


FLKMENT^  or  HnTIEKX  rHElllSTRV. 

.  is  i::#>.'ive<]  bv  ihi:  watur  of  tlie  hgoni.    On ' 
>  •'tr.iT  ;uriii»h^  th^  t-niilc  liorii-  tu-id. 
■-^•.-.•.■.xf  ■■;  l-.rji  xnlium  biirnte)  orenbUiiDcd 
:  i;. ;  :V  a;  Lat.>  Clear.  aUmt  tiro  humlntl  aad 

:'  ^3  FnnoUco.  CaliriiraiiL     CalcJuiu  bontt 
L    ,r-=:r;snilf  of  h<ric  add  are  abuodaDt  on 

;:  :•:  l':iLi«d  Suies  and  id  Chili. 
I  :■  T>;.  rr.  S-rio  ai-iJ  L<  pivpHT»1  bj'  decompusi 
-i;,-i  >./a::  c--I'Ninu:i>rHKliunil>oratewithd 
..i  T:.i  'a"%t  v  addi-d  in  ^luall  jNiniuiis 
-•:■  T.;!!  ^.-.;i!'rl*  ]itii»is-p.-i]HT;  llu-  eoliitiim  is 
■.• .    iJT.i  :it  KHi'  ai-id  i<t'|iaraiuH  in  thu  ciyMi 

^.ir-.  ":•  r:,-  a.-iJ  i-rrsialltzi')'  in  pt-arly  cc 
;h;  :''.:vh.  It  (IL^>Ivoii  in  'Ih  part 
>  ^jL.r.  -ji-.n^  xluble  iu  U>iliiii:  water. 
'„•}.  i-.r.  ihiia^-s  blui'  litmus  solntiun 
.  i..;i  li^s^'ivtip  in  akxihiJ,  and  the  sulii 
:  tisn. 
:.'■.''  ::  '.iN«  one  moleeale  of  water,  ai 
:v -.Vi.-:i.  HB.11V.    If  the  latter  be  ■ 


die  UMB  »  f  *""^-^  Im  mifc  kU.  •»!  »B*t- 
t,  water;  a  brwn  povdo-  of  aSMpfcaa*  deoa 

b(rf  Saictm.—DtrriOe  aad  CWa  iibiMwi  op- 
bT  |Wyi«c(iBg  a  mutarr  <rf'  3  p«t»  <f  pndHivB 
Mbit  looriile.  4  ptfts  of  ne,  a^  1  p«t  «r 
rei-W  cniable.  Fhotidt  of  mAoh  i*  tmmti, 
iMt  li«cAgM)tT«*  n  lb*  tme  tad  ttftm^tg  m 
B  Sam  OB  cooltne;  n  b  iaobAed  ftim  ih«  aac 
lliB  liattun  in  lijdivdiianc  «ad:  lb*  Ana 
w  fonn  iif  briHiant  laadiK  «r  aeedcs.  TWat 
r  a  ^Hk  *trr!-»T«T  tnler.  la^  pHvoa  K  McftiKc 
-fiipiiti  of  R^alara 
'  >«  t>  a  b* 
livolablr,  > 
^trd  in  tbcair.^lakafaKaai 
Hbic  MxUr,  SO*. 

:  «9.    It  Kf  w  k^d 
.  aftl^e  in.  hrt  «Wa  il  ■  oloMi 
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has  been  recently  boiled.  To  one  of  the  necks  of  the  bottle  is 
fitted  a  funnel -tube  which  passes  to  the  bottom  of  the  bottle; 
to  the  other,  a  delivery-tube  leading  to  the  pneumatic  trough; 
this  tube  also  is  completely  filled  with  water  so  that  there  is 
no  air  in  the  whole  apparatus.  Concentrated  hydrochloric  acid 
is  then  introduced  by  the  funnel-tube,  and  immediately  reacts 
with  the  magnesium  silicide,  forming  magnesium  chloride, 
which  dissolves,  and  gaseous  hydrogen  silicide,  which  must 
be  collected  in  jars  filled  with  recently  boiled  water. 

Properties. — The  gas  thus  obtained  is  not  pure  hydrogen 
silicide ;  it  contains  an  excess  of  hydrogen.  It  is  colorless  and 
insoluble  in  water :  water  containing  air  in  solution  oxidises  it 

If  bubbles  of  the  gas  be  allowed  to  escape  through  the  water 
of  the  trough,  each  bubble  takes  fire  on  coming  to  the  sarfiue, 
producing  a  bright  light  and  a  smoke  of  silicic  oxide,  which  forms 
rings  like  those  produced  by  hydrogen  phosphide  under  similar 
circumstances,  but  oflen  colored  brown  by  a  portion  of  silicoo 
set  free. 

The  spontaneous  inflammation  of  hydrogen  silicide  may  be 
readily  shown  in  the  following  manner.  A  piece  of  maffnoniim 
ribbon  two  or  three  centimetres  long  is  rolled  up  and  hmki 
in  a  clean  and  dry  glass  tube  five  or  six  centimetres  kmg  tnl 
five  millimetres  in  diameter,  closed  at  one  end.  The  imgM' 
sium  reduces  a  part  of  the  silica  of  the  glass,  and  combines  wilk 
the  silicon  with  incandescence.  When  the  tube  is  nearly  ooU 
a  few  drops  of  hydrochloric  acid  are  introduced,  and  the  hydro- 
gen silicide  disengaged  takes  fire  at  the  mouth  of  the  tube. 

SILICON  CHLORIDE. 

SiCl*. 

This  compound  is  formed  when  silicon  is  heated  co  dull  red* 
ness  in  a  current  of  chlorine,  or  when  the  latter  gas  is  paSK^ 
over  an  incandescent  mixture  of  charcoal  and  silica. 

SiO'     +     C»     +     CI*    =    SiCl*     +     2C0 

Preparation. — Precipitated  silica,  lamp-black,  and  oil  are 
intimately  mixed  into  a  stiff  paste.  This  paste  is  made  into 
little  balls,  which  are  put  into  a  crucible,  the  cover  of  which  i» 
then  luted  on,  and  the  whole  is  heated  to  redness  in  a  furnace. 
When  cool,  the  balls  are  introduced  into  a  porcelain  tube  or  a 
clay  retort  (Fig.  74),  which  is  then  heated  to  bright  redaees 
while  a  current  of  carefully-dried  chlorine  is  passed  throngl^- 
Tbe  silicon   chloride  and  tVvc  e^ixboii  mov^oxide  formed  9xe 
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passed  through  two  U  tnbes  surrounded  by  a  mixture  of  ice 
and  i<a!t.     Tbe  silicon  chloride  is  thus  condeDsed. 

Propertiei. — Silicon  chloride  ie  a  volatile,  iMjIorlesa  liuuid, 
of  an  irritating  odor.  It  tiimes  in  the  air.  Its  density  is  1.52, 
and  il  boils  at  69°. 

It  is  instantly  decomposed  by  water,  HJliiic  and  bydrochloric 
adds  being  Tormed.     A  part  of  the  silicic  add  is  precipitated 


in  the  form  of  a  jelly,  while  another  piirt  rcmaios  in  ablution. 

The  ktler  is  perhaps  a  hydrate  corresponding  to  the  chloride. 

SiCl'  +  4H'0  =  4Htn  +  Si(OH)' 

There  exists  a  tetrubromide  of  silicon,  SiBr*,  and  a  tctra^ 
w£de,  Sil*,  both  corresponding  to  the  chloride  which  has  just 
bwn  described. 

Friedet  hoti  recently  discovered  an  iodide,  Si'I*,  remarkable 
»  belonging  to  a»  entirely  n 


SILICOiN    FLUORIDE. 


DcDiitf  eomparait  to  s^r 3.B 

D^nril.T  iMmpmreil  M  hjidniKon hi. 

Preparatioil. — An  intimute  misiuro  of  siliciuus  sfttid  &&& 


J  cuEaisrav. 


finely-powdered  pdi-iiim  fluoride,  or  flnnr  gpnr,  ta  iatrodnoed 
into  a  glaaa  flask  (Fig.  75),  and  a  sufficieut  qoontity  of  ml- 
phuric  ncid  is  added  to  reduce  the  whob  to  a  creuuiy  muaUleDce- 
A  gentle  heat  is  applied,  and  the  gas  disiengtged  may  b«  ool- 
lecU>d  over 


Piopeitiea. — S  i  1  i  o  o  d 
fluoride  ie  u  uolorlae,  euf> 
foentiog  gus.  prodncing 
white  fumes  nneu  allow- 
ed to  escape  into  the  ur. 
It  may  he  liquefied  W  > 
luv  temperature  luia  • 
strimg  pressure.  OncoD- 
tAct  with  water  it  is  de- 
composed, silicic  li^dnt« 
sepuratiiif;  Id  gelatinous 
flakes,  and  hydrnflunsill- 
cic  acid  being  forued. 
ssiPi'   +   aa-o 

=  B(H'Fl".SiFl*)  +  H'SiO'. 

Hydroflnosilicio  Aold. — A  saturated,  aqueous  ^luiion  of 
this  acid  is  a  highly  acid  liquid,  fuming  in  the  air,  and  evafOf- 
ating  slowly  nt  40°  from  a  platinum-dish,  leaving  do  reeidae. 

It  is  prepared  by  passing  gaseous  silicon  fluoride  into  wslcr 
under  whirh  is  a  layer  oF  mercury.  The  deJivery-tubir  musl 
dip  beufnlh  the  surl'aco  of  tlie  mercurj-.  bu  that  th«  silicon  flu- 
oride can  only  come  in  contact  with  the  walcr  after  pHwu)! 
through  the  metal',  otherwise  the  deliveiy-tuliL-  would  hewme 
obstructed  by  the  depout  of  gelatinous  flilioa. 

Hydrofluo»ilicic  a^  is  employed  iis  a  reagent  in  the  tnbnn- 
fury.  It  precipitates  the  salts  of  pntasxiiim  and  sodium,  fcnn- 
in^  iniMluble  fluosilicatoR.  R'Fl'.SiFl'. 

OXIDES  OF  SILICON, 
Until  recently  the  only  known  oxide  of  silicon  was  the  diui- 
ide,  SiC,  or  silica.  Slabery  has,  however,  show  that  a  muniii- 
ide,  SiO.  is  formed  by  the  reduction  of  silica  by  carbon  in  th« 
absence  of  melala  at  the  hi^h  temperature  of  the  electrical  for 
nace.  (PageSTl.)  Thb oxide  is  greeoisb-yeUow or  deep  giweii 


in  color,  witli  a  vitreous  lostre,  aDd  is  converted  into  the  dioi- 
ide  wheu  fiised  with  potsssiuni  nitrate  and  alldtltne  carbonatfifl. 

SILICA.  SiO' 
IVatiTe  State. — Silicic  oxide  is  widely  dilluscd  in  nature. 
It  oet-urs  crystal  I  i«c<l;  as  the  different  variutien  of  cjuiirCK ;  amur- 
phua^,  as  agate,  chaluedonj.  cornelian,  flint,  etc. ;  (ir^nnlal^d,  it 
is  found  in  sandBtones  and  the  sand  prodnued  by  their  dieag^^rO' 
puion;  in  this  case  it  is  often  mixed  with  variable  quantitioH 
<jf  alumina  and  oxide  of  iron.     It  has  the  oompoftition  8iO*. 

Roc^-crystal  \a  pure  silicic  oxide.  It  occun  aa  six-sided 
primns,  terminat«d  by  pyramids  of  six  faces  (Pig.  76). 

Aa  hydrate,  silica  exists  in  various  minerals,  such 
la  opal  and  hydri>phane.  It  is  also  found  in  the 
fonn  of  pulvtTulent  deposits  and  in  solution  i 
many  running  waters,  in  large  proportion  in  tl; 
hot  waters  of  the  geysere  in  lu-eland. 

Properties. — Quartz  is  inlunible  at  the  highest  \ 
fiimace  beat«,  hut  undergoes  a  viscous  fusion  when 
introduced  into  the  flame  of  the  oxyhydrogen  bli 
pipe.  It  is  reduced  by  carbon  only  at  the  high 
lemperatore  of  the  electrical  furnace  (page  371). 
U  is  not  attacked  by  acids,  with  the  exoeptioo  of  hydrofluoric 
mi.  Boiling  alkaline  solutions  scarcely  anect  it,  but  t)ie  amor- 
phuus  varieties  of  silica,  such  ns  flint,  as  well  as  opal  and  the 
I'lber  hydrates,  dissolve  more  readily  in  boiling  solutions  of  the 
•lUIine  hydrates. 

All  of  the  varieties  of  silica,  when  heated  to  redness  with 
the  alkalies  or  alkaline  carbonates,  combine  with  the  htuses, 
fnnuing  silicates  which  enter  into  fusion  at  a  high  temperature 
nd  wlidiiy  to  a  Titreiins  masia  on  ooUng.  Potassium  silicate, 
"tnluble  ffliu*,  is  a  transparent  mass,  soluble  in  water.  When 
hjilrmAlorJc  acid  is  added  to  this  solution,  potassium  chloride 
»  formed  and  silicic  acid  is  precipitated  as  a  gelatinous  mass, 
thich  is  not  insoluble  in  water.  An  aqucooa  solution  of  silicia 
«id  may  be  obt^ned. 

If  hydrochloric  acid  be  added  to  a  dilute  solution  of  potaa- 
*iiinsiUcat«,  the  liquid  remains  tntnsparent  although  it  contains 
i&M  aind.  It  may  be  poured  into  a  dialyser,  composed  of  a 
l*ws  of  parch  men  t'papor  stretched  over  a  wooden  or  glass  ring, 
*itd  floi^  on  the  surface  of  pure  water  contained  in  another 
'Mel.     The  potas^um  chloride  gradually  passes  through  die 
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membrane,  as  would  any  crystallizable  body,  and  the  silidc 
acid  remains  alone  dissolved  in  the  water  in  the  dialyser,  u 
all  other  amorphous  bodies  which  are  soluble  in  water  would 
do.  Graham  gave  the  name  dialysis  to  this  separation  of  crys- 
tallizable bodies,  which  he  named  crygtalloidi,  from  oncrysUl- 
lizable  bodies,  which  he  named  colloids,  by  means  of  certain 
membranes.  The  former  bodies  pass  through  the  membranes, 
which  are,  however,  impermeable  to  the  colloids. 

The  silicic  acid  which  remains  in  solution  probably  consti- 
tutes normal  silicic  acid,  H^SiO*  =  SiO*  +  2HH). 

Glass  is  a  mixture  of  potassium  or  sodium  silicate  with  otl- 
oium  silicate,  and  generally  contains  aluminium  silicate.  It  is 
made  by  the  prolonged  fusion  of  potassium  or  sodium 
ate  with  pure  quartz  sand  and  lime.  Flint  glass  contains 
introduced  in  the  form  of  red  lead.  Colored  glasses  tn.i 
tained  by  adding  metallic  oxides  to  the  above  inj^ 
Cuprous  oxide  gives  red  glass;  cupric  oxide,  gpreen; 
oxide,  blue,  etc.     Soda  glass  is  more  fusible  than  potash 

Uses. — Silica  is  largely  employed  in  all  of  its  van 
Crystallized  quartz,  or  nx'k  crystal,  is  used  for  the  mani 
(»f  ornaments.  spectacle-<zlas8es,  and  lenses.  Chalcedony,  oiiyXf 
an<i  opal  are  souirht  for  by  the  lapidary  and  engraver.  Agite, 
which  is  Very  hard,  is  used  fi»r  the  manufacture  of  mortars,  etc 
Sandstones  serve  for  Imilding  purposes  and  for  grindstones; 
sand,  for  mortars  and  the  manufacture  of  glass  and  potteiy. 


CARBON. 

C  =  12 

Natural  State  and  Varieties. — Tlic  carbon  of  chemists  is 
pure  charcoal.  This  substance  is  known  t4)  all ;  black,  friaUe. 
light,  absolutely  fixed,  inalterable  by  the  air  at  ordinary  tem- 
peratur<\s,  but  c(»nibustible  when  heated  in  the  air,  it  resoHii 
from  the  ealeinatii»n  of  organic  matters,  and  particularly  wood, 
in  closed  vessels.  But  carbon  by  no  means  always  reveab 
these  same  properties.  It  occurs  in  nature  under  forms  ao 
different  that  it  is  impossible  to  apply  a  general  description  to 
all  of  its  known  varieties.  What  could  be  more  different,  tf 
far  as  physical  properties  are  concerned,  fn)m  the  soot  deposited 
by  a  smoky  flame,  or  the  light,  porous,  and  opaque  charccwl) 
than  the  hard,  dense,  and  transparent  substance  found  in  natord 


in  lh«i  form  of  dianioad?  Nevrnthdcss,  these  bodieii  are  ran 
jioDtd  of  one  and  tlie  aauie  «mbHrau(.'c,  mrlioD ;  alike,  they  ■ 
bufB  in  oxygen  at  a  high  (^uifiiTntun.',  {imiluciDg  carbonic  004^ 

!»*.  r 

Aitioag  tilt!  vuriiius  rornis  wbtcli  carbon  aasuineH,  nod  whtdi 
nmHtitult  ime  of  tlit^  uioat  curiuus  «xtuii[ilne  of  dimorphUni,  the 
fulluwing  may  Iw  deafribwl : 

Oiaiarmd. — Thin  In  thu  hardest  of  all  htidieB;  it^tratchea  all 
otlere,  and  can  only  be  trtninied  by  j;riiidinj;  with  itM  own  dunt. 

It  IB  found  erystallized  in  the  furni  nl'  l.lic  rceiiliir  netabo- 
dron  and  the  nimlificotionM  thL-rcof,  uuigiif;  wbii-b  miisl  bo  incn- 


Fio.  77. 

lioned  tic  polyhedra  of  tnenty-fuor  and  fortj-f^iglit  fi 
fin*ei-  iifi'  geTierally  eouvexly  curved  (Fi^;,  77). 

i  i  :ty«f  the  diamond  is  httweeii  3.3l>  mid  3.55,    It  is 

■  iiT  of  heat  and  eloctricity;  it  «lr<iiij;ly  n-'frads 

_!iT.     Fmni  this  latter  fw.'t  Ni^wtoii  first,  divined  tU'i 

ij;itun;.  whieh  was  proved,  in  l(i94,  tiy  iho  Fluroiv- 

:iL'iaiis  uf  iM  (Hmenta,  who  burned  a  diamond  in  the 

1  concave  mirnir,     I^virittier  and  Davy  rcpeatt'd  rtiiw 

(ud  espi-rinienl.     Kxixitwd  tu  the  high  teuiperatnre  of 

«  Tult^ue  are  between  two  enrhon  polet)  in  n  vacuum,  the  diu- 

ntund  imcIU  up,  Maekeno.  anil  is  convertvd  into  a  suhHlaooB 

snalogiiiui  ti)  ciike  ( Jtu.fjnebiinl, 

(fntfAitr,  or  Plumbagn. — This  is  a  ciystBllinc  variety  of 
nrbon.  which  is  found  in  primilive  rocks  in  brilliant  steel-uruy 
fwtiatMl  auueva.  Il  miweiiuiea  occurs  in  hexn^nol  lammie. 
It  nu)  be  MTulched  with  the  Gu<^r-uail,  and  leaves  a  bluL-k 
B  whim  drawn  iivt.T  jiaper.  Tt«  density  is  2.2,  and  it  eon- 
d  eleelrieity.  Il  hcirns  only  at  vory  high  tcm- 
;  Kfdinurily,  it  oontaiuB  Iruiu  one  to  two  per  cent,  of 


Tha  ^H 

Itts'^^l 
l^and^H 
led  ttfr^^^H 

in  the  1 

d  rtii«  1 
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It  has  been  obtained  artificially.  Melted  iron  poflscfises  the 
property  of  di^olving  carbon  at  a  very  high  temperature,  and 
again  depositing  it  on  cooling  in  the  form  of  hexagonal  scales 
of  jrraphite. 

Plumbago  is  used  for  the  manufacture  of  lead-pencils  and 
crucibles,  and  is  called  black  lead. 

There  are  other  natural  varieties  of  carbon,  but  they  are 
far  from  presenting  the  same  degree  of  purity  as  diamond  or 
graphite.     They  are: 

Anthracite,  a  hard  and  compact  variety  of  carbon  containing 
from  8  to  10  per  cent,  of  earthy  matters. 

BiftimiNona  ami,  u  brilliant,  black  variety,  strongly  impreg- 
nated with  bituminous  hnd  earthy  matters.     It  has  been  pro- 
duced by  the  slow  decomposition  of  vegetable  matters  bnried 
in  the  earth  in  the  eurly  geological  ages.     This  origin  is  indi- 
cated by  the  impressions  of  leaves,  stems,  and  fruits,  which  are 
evident  in  certain  specimens  of  this  coal.     It  contains  onlj 
from  75  to  88  per  cent,  of  carbon.     When  it  is  calcined  in 
closed  vessels,  it  disengiiges  combustible  gases  and  products 
which  may  be  condensed  in  the  liquid  form  and  then  separate 
into  two  layers.     One  is  acjueous  and  ammoniacal,  while  the 
other  is  composed  of  tar.     The  residue  of  the  distillation  of 
bituminous  cr>al  is  coke.     The  interior  walls  of  the  cast-iron 
vessels  in  which  coal  Ls  distilled  become  covered  with  a  com- 
pact layer  of  a  gray,  dense,  hard  and  sonorous  carbon,  whici 
is  a  ^(mkI  conductor  of  heat  and  electricity.    This  is  the  carhon 
of  f/ns-reforfs,  and  is  ])n»duced  by  the  igneous  decomposition 
of  hydrocarbons  rich  in  carbon,  which  are  disengaged  during 
the  calcination  of  tli(^  coal. 

Fdf  coals  are  those  which  bum  with  a  long  flame,  softening 
in  bnrninir;  dn/  con/s  Inirn  with  a  short  flame  which  produces 
less  heat  than  the  precedinir. 

Lignite  is  a  combustible  mineral  ecmtaining  less  carbon,  ^ 
more  impure  than  bituminous  coal;  it  is  found  in  the  lowtf 
tertiary  formations.  Xatural  Jet,  whieli  is  employed  for  the 
manufacture  of  ornaments,  Ls  a  variety  of  lignite. 

AuKMig  the  artificial  carbons,  independently  of  coke,  may 
be  mentioned  wood  charcoal,  lamp-black,  and  animal  char- 
coal. 

Wood  Chtrconl. — When  W(x)d  is  calcined  in  closed  vesscb 
it  leaves  a  residue  which  is  or<linary  charcoal.  It  is  preptf®^ 
on  the  large  scale  by  two  processes,  carbonization  in  stacks^ 
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tides  of  carbon  that  have  escaped  oombustioii.  In  the  arts, 
lamp-black  is  procured  by  burnine  rosin  in  cast-iron  pots,  G 
(Fig.  78),  heated  by  a  fire,  F.  The  vapors  given  off  are  ig- 
nited, and  the  smoke  is  conducted  into  a  chamber,  A,  the  waUs 
of  which  are  hung  with  canvas.  On  this  the  lamp-blick  is  de- 
posited, and  is.  detached  by  lowering  the  cone  B,  which  acts  as 
a  scraper.  Lamp-black  is  not  pure  carbon.  It  contains  tany 
and  oily  matters,  from  which  it  may  be  freed  by  calcination  in 
a  covered  crucible.  It  is  used  for  the  manufacture  of  printing- 
inks. 

Animal  charcoal  is  produced  by  calcining  animal  matters, 
such  as  blood,  the  d<^bris  of  skin,  horn,  bone,  etc,  in  closed 
vessels.  Bone-black  or  ivory-black  contains  the  calcareons 
salts,  calcium  phosphate  and  carbonate,  which  form  the  base 
of  the  osseous  tissue.  The  carbon  is  consequently  disseminated 
through  a  porous  mass.  These  salts  may  be  extracted  by 
treating  the  bone-black  with  dilute  hydrochloric  acid,  by  which 
they  are  dissolved.  The  residue,  washed  with  water  and  dried, 
is  known  as  washed  or  purified  animal  charcoal. 

Absorbent  Properties  of  CharcoaL — The  amorphous  and 
porous  varieties  of  carbon,  of  which  several  forms  have  been 
described,  possess  the  property  of  absorbing  and  retaining  in 
their  pores,  gases,  liquid  and  solid  bodies.  It  is  to  this  absorp- 
tive faculty  that  are  due  the  decolorizing  and  disinfecting 
properties  of  charcoal,  which  are  made  use  of  to  a  large  extent 
in  the  arts. 

If  a  j)icco  of  incandescent  charcoal  be  plunged  into  mercury 
that  it  may  cool  out  of  contact  with  the  air,  and  then  be  intrj)- 
ducod  into  a  small  jar  filled  with  ammonia  or  hydrochloric  acid 
over  the  mcrcurv-trough,  the  gas  is  at  once  absorbed  and  the 
mercury  rises  in  the  jar. 

The  following  table,  by  Tli.  de  Saussure,  indicates  the  quan- 
tities of  several  gases  which  are  absorbed  by  one  volume  ot 
charcoal : 

1  volume  of  charcoal  absorbs  90  volumes  of  ammonim. 
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I  iucreasea  in  woigUt  wbon  exjiowid  to  ihu  air,  for 
sorbs  aiid  condHjiMes  llic  aLBiosjibi-rii!  moistHre.  When 
fihtiigMl  inUi  vnUit  uhargeJ  with  »  xmidl  ituantitj  of  hjdrogen 
sul^ihide.  it  alHWirbfl  that  gatt  autl  reuoveR  Uie  udor  nf  the  water. 
Thuditiiuf(Mt4ngpri>]i(rrtii!a  of  I'hiircud  are  thus  easily  eaploined. 
It  id  well  kniiwu  that  uhuruoal  will  ruiuove  the  unpk'asniil  odor 
of  i.'orrufitvd  wati-rs,  i>f  uientA  slighlly  spoiled,  and  id  gencrnl 
uf  orguiic  mutters  in  u  statu  of  putrufkctiou.  A  layer  of  char- 
iwsl  between  twi>  layers  of  Band  in  an  excellent  filter  for  the 
darificntion  of  drinlcing  waters. 

Tlic  dccolomin^  propertim  of  charcoal  are  another  mani- 
fesiaticin  uf  this  general  faculty  of  absorption,  which  is  putt- 
sossod  in  the  highest  degree  by  animal  uhareoal.  If  litmus 
Bolution  or  rtil  wine  be  a^iAiud  with  a  sufficient  <iuaiititj  "^" 
uiimal  eharctial  and  subaeijueialy  Elt«red,  the  liijuids  ] 
throDgb  eolorUtts. 
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exercised  except  at  high  temperaturee.  It  only  combines  with 
oxygen  at  a  red  heat,  and  remains  incandescent  as  long  as  oom- 
bination  goes  on,  the  heat  produced  by  the  combination  being 
sufficient  to  maintain  the  incandescence.  In  pure  oxygen  it 
boms  with  a  brilliant  light.  The  product  of  the  comlrasdoD 
is  carbonic  acid  gas. 

By  the  aid  of  heat,  carbon  decomposes  a  great  number  of 
oxygenized  compounds,  removing  and  combining  with  the 
whole  or  a  part  of  their  oxygen.     This  decomposition  takes 
place  at  comparatively  low  temperatures  when  the  oxygenised 
body  does  not  strongly  retain  its  oxygen ;  in  this  case,  carbon 
dioxide  is  formed,  and  the  reduction  of  cupric  oxide  by  char- 
coal furnislies  an  example.    In  the  contrary  case,  the  reductioQ. 
that  is,  the  decomposition  of  the  oxidized  body,  requires  a  rerj 
high  temperature ;  carbon  monoxide  is  then  form^    The  re- 
duction of  zinc  oxide  by  charcoal  is  an  example. 

If  an  incandescent  charcoal  be  rapidly  plunged  under  a  bell- 
jar  filled  with  water  on  the  pneumatic  trough,  bubbles  of  g«fi 
arise  and  collect  in  the  jar  (Fig.  79).  They  are  formed  of  a 
mixture  of  hydro<^en,  carbon  monoxide,  and  a  small  quantity 
of  carbon  dioxide.  These  gases  are  produced  by  the  decom- 
position of  the  water  by  the  charcoal,  which  was  i^-hot  at  the 
moment  of  contact  with  the  liquid. 

C  +  H»0  =  H»  +  CO  carbon  monoxide. 

Water  gas,  a  mixture  of  hydrogen  and  carbon  monoxide,  ^ 
made,  according  to  this  reaction,  by  passing  steam  over  highly' 
heated  coal,  coke,  or  other  form  of  carbon. 

Carbon  combines  directly  with  sulphur  at  a  high  tempert- 
ture,  forming  carbon  disulphide. 

y 

COMPOUNDS  OF  CARBON   AND  OXYOBN. 
Two  compounds  of  carbon  and  oxygen  are  known: 

Carbon  monoxide 00 

Carbon  dioxide,  or  carbonic  acid  gas 00* 

The  latter  body,  which  has  long  been  known  as  caibooi^ 
acid,  is  the  oxide  corresponding  to  the  true  carbonic  uA^ 
which  would  be 

CO'  +  H*0  =  H*CO» 

This  normal  carbonic  acid  is  as  yet  unknown :  it  is  doobdes^ 
too  unstable  to  exist  in  the  free  state.    However,  ita  ^cisteneer 


ma;  be  admitted,  for  a  mrreapondint;  ciinipoiinil  i 
BolpliocaLrbotiic  acid  H'CS'. 


t 


CABBON   MONOXIDE. 


Denoitr 

DtatHj  oampiireil  la  hjdniKi 

UolKuUr  neigfat  CO  .     .     . 


Freparatioa. — 1.  An  i 
chajooal  uaj  be  t^cined  in  ii  t-lny  retort. 
ZnO  +  V.  =  CC)  +  Zn 
2.  A  cnnvcnient  method  of  preparing  carbon  monoside  con- 
data  in  heating  oxalic  acid  witli  an  eiwjse  of  sulphuric  acid  in 
1  fhx  fliiak.  The  oxalic  acid  loses  the  elements  of  water, 
trhich  it  yields  to  the  sulphuric  acid,  and  breaks  up  into  carbon 
dioxide  and  carbon  monoxide. 

+     H-O 


iin.'H  Li  passed  through  a  wash-bottle, 
eolutiou  of  potassium  hydrate,  by 
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which  the  carbon  dioxide  is  absorbed,  potassium  carbonate  being 
formed.  Carbon  monoxide  alone  passes  through,  and  may  be 
collected  over  water. 

Properties. — Carbon  monoxide  is  a  colorless,  odorless  gas. 
It  is  neutral,  and  does  not  trouble  lime-water,  which  disdn- 
guishcs  it  from  carbon  dioxide.  It  extinguishes  burning  bodies, 
but  is  combustible  itself,  burning  in  the  air  with  a  blue  flame, 
and  forming  carbon  dioxide.  It  is  not  only  unfit  for  respira- 
tion, but  is  very  poisonous,  combining  with  and  profoundly 
altering  the  red  corpuscles  of  the  blood. 

Composition. — If  two  volumes  of  carbon  monoxide  be 
mixed  with  one  volume  of  oxygen  in  an  eudiometer,  and  a 
spark  be  passed,  complete  combustion  takes  place,  and  the 
three  volumes  of  the  primitive  mixture  are  reduced  to  two 
volumes  of  carbon  dioxide.  This  can  be  verified  by  passing 
into  the  eudiometer  a  solution  of  potassium  hydrate,  which  will 
completely  absorb  the  new  gas. 

It  hence  follows  that  two  volumes  of  carbon  monoxide  con- 
tain the  same  (|uuntity  of  carbon  as  two  volumes  of  carboD 
dioxide.  Knowing  from  other  circumstances  that  two  volumes 
of  carbon  dioxide  contain  two  volumes  of  oxygen,  it  follows 
that  two  volumes  of  carbon  monoxide  contain  one  volume  of 
oxygen.  Its  composition  is  then  expressed  by  the  formula 
CO  ^^  2  volumes. 

Carljon  monoxide  undergoes  dissociation  at  a  very  high  tem- 
perature. Under  special  conditions,  H.  Sainte-Claire  Deville 
succeeded  in  resolving  it  into  carbon  and  oxygen. 

It  is  almost  insoluble  in  water,  but  is  absorbed  by  a  solution 
of  cuprous  chloride  in  hydrochloric  acid  (Doy^re  and  F.  Le 
Blanc).  Advantage  is  taken  ol'  this  property  in  volumetric 
analysis  to  sei)arate  carbon  monoxide  from  certain  other  gases. 

When  heated  for  a  long  time  to  100*^,  in  sealed  tubes  with 
potassium  hydratiN  it  combines  with  the  alkali,  forming  potas- 
sium formate  (Berthelot). 

CO     +     KOH      =    KCHO» 

Potassium  hydrate.    PotaMium  forniftle. 

It  is  a  beautiful  synthesis  of  formic  acid,  so  named  because  it 
exists  in  ants. 

Action  of  Chlorine  upon  Carbon  Honozide. — ^Under  the 
influence  of  sunlight,  carbon  monoxide  combines  directly  with 
chlorine,  forming  a  ga.s  which  is  known  as  chhro-carbomc  oxtde. 
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or  carbonyl  chloride.  It  was  fonnerly  called  phos^iene  gas. 
One  Yolmne  of  carbon  monoxide  combines  witb  one  volume  of 
chlorine  to  form  one  volume  of  carbonyl  chloride,  so  that  the 
density  of  the  latter  is  equal  to  the  sum  of  the  densities  of 
carbon  monoxide  and  chlorine. 

Oompftred  to  Hjdrogen.     Compared  to  Air. 

Denaiij  of  carbon  monoxide  .    .    14.  0.967 

Density  of  chlorine 35.5  2.44 

Dentitj  of  carbon j  I  chloride     .    49.5  3.407 

At  ordinary  temperatures,  carbonyl  chloride  is  a  colorless 
gas,  having  s  suffocating  odor  that  provokes  tears.  At  a  low 
temperature,  it  condenses  to  a  colorless  liquid,  boiling  at  8.2° 
(Emmerling  and  Lengyel).  It  is  instantly  decomposed  by  water, 
with  the  formation  of  carbon  dioxide  and  hydrochloric  acid. 

COOT  +  H*0  =  2Ha  +  CO* 

Its  mode  of  formation,  its  composition,  and  its  properties 
indicate  its  relations  to  carbon  dioxide. 

2To1ame8  CO  absorb  2  volumes  of  chlorine  to  form  2  volames  CO.CP 
2  rolumes  CO  absorb  1  volume  of  oxygen  to  form  2  volumes  CO.O 

It  is  seen  that  carbon  monoxide  plays  to  a  certain  extent  the 
part  of  a  radical ;  it  combines  directly  with  oxygen  or  with 
chlorine  to  form  either*  oxide  or  chloride  of  carbonyl.  It 
is  seen  also  that  carbonyl  chloride  represents  carbon  dioxide  in 
wUch  one  atom  of  oxygen  is  replaced  by  two  atoms  of  chlorine. 


CARBON  DIOXIDE. 

Density  compared  to  air 1.529 

Density  compared  to  hydrogen 22. 

Molecular  weight  CO* =44. 

This  gas  was  discovered  by  Black  in  1757,  and  its  composi- 
tion was  recognized  by  Lavoisier  in  1776.  It  is  one  of  the 
constituents  of  the  atmosphere,  and  is  the  product  of  a  great 
number  of  reactions  which  take  place  on  the  earth's  surface, 
such  as  the  combustion  of  carbon  and  organic  matters,  respira 
tion,  and  the  phenomena  of  putrefaction  and  fermentation.  It 
^es  from  the  soil  of  volcanic  countries. 
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Fia.  81. 


— Fragments  of  marble,  wbich  is  calcium  car- 
bonate, are  intro- 
duced into  a  two- 
necked  bottle  fitted 
with  a  deliveiy- 
tube  and  a  safety- 
tube  (Fig.  81). 
The  bottle  ia  half- 
filled  with  water, 
and  hydrochloric 
acid  is  gradually 
added  by  the  fan- 
nel-tube.  An  ef- 
ferrescence  i^uD^ 
diately  takes  place, 
due  to  the  diseo- 
gagement  of  car- 
bon dioxide. 

CiiCO'       +  2HC1  =  CO'  +      CaCl«      4-   HH) 

Oalcium  carbonate.  Oalciam  chlorida. 

The  poH  is  most  conveniently  collected  by  dry  downward 
displacemont,  like  chlorine. 

Composition. — 1 .  If  carbon  be  burned  in  oxygen,  the  latte^ 
is  converted  into  carbon  dioxide  without  changing  its  volumc- 
Ilence  two  volumes  of  carbon  dioxide  contain  two  volumes  of 
oxygen.  Thes(i  two  volumes  of  oxygen,  which  represent  tw*^ 
atoms,  are  combined  with  one  atom  of  carbon,  and  the  compo^ 
sition  of  a  molecule  of  carbon  dioxide  is  hence  expressed  hy 
the  formula 

CO'  ==  2  volumes. 

2.  Dumas  and  Stas  determined  the  centesimal  composition 
of  carbon  dioxide  hy  burn  in  «r  a  known  weight  of  diamond  in 
oxyj^on,  and  carefully  wiMirliing  the  carbon  dioxide  produced. 
By  subtractinjr  the  weight  of  the  diamond  burned  from  that  of 
the  carbon  di()xide,  the  weight  of  the  oxygen  was  determined. 
The  apparatus  employed  is  represented  in  Fig.  82. 

The  increa.se  in  weight  of  the  tubes  L,  M,  N,  O,  P  indicates 
the  quantity  of  carbon  dioxide  formed. 

I)uma.s  and  Stas  thus  found  that  100  parts  of  carbon  dioxide 
contain 

Carbon 27.27 

Oxygen 72.7S 

1AA  AA 
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ft  centesimal  relation  whicl 
numbers 


i  simpl^t^lt 


Oijgen SI 

12  being  the  weight  of  one  atom  of  carbon,  and  32  tbe  wei^l 
of  two  atoms  of  oiygen. 

Physical  Propertiea. — Carbon  dioxide  is  colorleaa ;  it  hM  » 
feeble,  somewhat  pungent  odor.  A  litre  of  ihis  gns  at  0^,  umI 
under  the  preasure  of  760  mtUlmetrea,  weigba  1.1 


>^^ 


It  ia  not  permanent.  Faraday  succeeded  In  lirjue^bg  it  U 
a  temperature  of  0°,  under  a  pressure  of  36  atmospheres.  The 
apparatus  which  is  now  used  for  it«  liijuefkction  is  represented 
in  Fip.  83.     It  ia  composed  of  two  reservoirs,  A  and  B,  com- 
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mnnicatiiig  bv  the  metallic  tube  i,  fiiTTiislie*!  with  h  stop-cock 
at  each  end.  The  cylindent  arc  tunde  of  heavy  cast-iron,  and 
■IE  fiirtber  8trtii[;:theneii  by  foiled  inm  bmid*  foireil  over 
llieir  circumference.  Each  cylinder  is  movable  on  a  horizon- 
tal axis,  h.  B  ii^  the  (renerator;  into  it  arc  introduced  1800 
pgUDtnes  of  sodium  dicarbonatc,  and  a  cylindriciil  copper  tube, 
t),  cental oing  lltUU  grammes  of  ordinary  sulphuric  acid.  The 
cylinder  is  then  closed  by  a  strong  screw  plug,  and  a  few  oscil- 
ladi^  movements  are  given  to  it  in  order  that  the  sulphi 


acid  may  gradually  run  out  upon   the  sodium  dicarbonato. 
lioiide  is  disengaged  and  is  lic|uefied  by  its  own  press- 
as  it  accomulales  in  the  apparatus.     By  the  L'fiect  of  the 


chemical  action  the  temperature  is  raised  to  30  or  40°,  and, 
communication  being  established  between  the  two  cylinders, 
the  carbon  dioxide  distils  rapidly  into  the  receiver,  the  tem- 
perature of  which  is  about  15°. 

The  operatiou  is  repeated  several  times,  (hat  one  or  two  kilo- 
gnmuea  of  the  1i<)uid  may  accumulate  in  the  receiver.  A 
tube  paijBeii  to  the  bottom  of  this  vessel,  aud  ou  oiioning  the 
ftop-Cdck  which  cloves  the  su|ierior  extremity  of  thin  tube,  a 
jpi  of  the  li(|uid  is  thrown  out  with 
Kirce ;  it  is  received  taugeatially  in  a 
aietollic  bos,  A.  A'  (  Fig.  H4),  having 
very  thin  sides.  In  this  a  portio 
iif  the  oxide  solidifies  by  rciison  o 
the  ^e*t  depression  of  leinpernlurc  I 
prodnced  by  the  change  of  another 
portion  into  tlic  gaseous  state.  A  j 
enng-white,  flaky  mass  collects  ' 
'  i  reooiver,  baring  the  appear- 
f  enow.     This  is  solid  earlioo 

It  is  a  bad  conductor  of  

I  electricity,  and  can  bo  cs-  p,Q  g^ 

I  la  the  ts'-  '-  -  " 


T 


Mcfurc  it  disappears.     In  renssuniing  ihc  gaseous  form,  it  pn>     ^ 
duit«  an  intense  cold.    If  it  be  mixed  with  ether,  the  mixture,     '''^i 
which  is  less  porous  and  a  better  conductor  of  heat,  can  produce 
a  lowerinfT  of  temperature  as  great  as  — 90°.      By  pouring  it 
npon  mercury,  large  maSHCs  of  that  metal  may  be  frozen. 

Drion  and  Loir  have  recently  Kueceeded  in  collecting  and 
maiDlaining  carbon  dioxide  in  tlie  liquid  state.  It  is  colorless 
and  mobile;  has  a  density  wf  0,72  at  +27°,  and  0.98  at  — 8°. 
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This  considerable  difference  between  the  densitieB  is  due  to  die 
enormous  dilatation  which  the  liquid  undergoes  between  these 
limits  of  temperature.  Indeed,  ten  volumes  of  liquid  carbon 
dioxide  at  0^  occupy  fourteen  volumes  at  30°.  The  coefficient 
of  dilatation  of  the  liquid  is  then  superior  to  that  of  the  gas. 
Carbon  dioxide  is  incombustible,  and  extinguishes  burning 
bodies. 

If  carbon  dioxide  be  poured  from  one  vessel  into  another 
containing  a  lighted  candle,  it  falls  upon  the  flame  like  water, 

extinguishing  it  at  once  (Fig.  85). 
Lime-water  poured  into  a  jar 
of  carbon  dioxide  becomes  clouded, 
owing  to  the  formation  of  insolu- 
ble calcium  carbonate. 

These  experiments  permit  the 
easy  recognition  of  carbon  dioxide 
from  carbon  monoxide. 

Carbon  dioxide  dissolves  in  its 
own  volume  of  water  at  15°  under 
the  normal  pressure.  If  the  press- 
ure be  increased,  the  solubility  of 
the  gas  is  increased  in  tlie  same 
proportion.  Thus,  under  a  press- 
ure of  ten  atmospheres  one  litre 
of  water  will  dissolve  ten  litres  of 
c^irbim  dioxide ;  but  it  must  be  remembered  that  under  a  press- 
ure i)i'  t<Mi  atmospherics  these  ten  litres  are  reduced  to  one  litre. 
Thus,  one  litre  of  water,  which  dissolves  one  litre  of  carbon 
dioxide  at  the  ordinary  ])ro8sure,  dissolves  also  one  litre  under 
a  pressure  rtf  ten  atmospheres,  and  it  may  be  said  that  water 
always  dissolves  its  own  volume  of  carbon  dioxide,  whatever 
may  he  the  pressure.  Water  saturated  with  carbon  dioxide 
under  stroni^  pressure,  disengages  a  portion  of  the  gas  as  soon 
as  the  ]>re»s.sure  is  removed.  Such  water  is  universally  known 
and  consumed  in  large  quantities  under  the  name  of  gaseons 
water  or  soda  water. 

The  solution  of  carbon  dioxide  exercises  a  much  more  ener- 
getic solvent  action  upon  certain  substances  than  pure  water. 
It  dissolves  calcium  carbonate,  forming  a  soluble  dicarbonate; 
it  LH  even  capable  of  dissolving  calcium  phosphate,  transfiinn- 
ing  it  into  acid  phosphate,  which  is  soluble. 

Carbon  dioxide  is  more  soluble  in  alcohol  than  in  water. 


Kio.  85. 
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It  is  ondeoompoBable  by  beat  alone,  but  may  be  decomposed 
or  reduced  at  higb  temperatares  by  contact  with  bodies  avid 
of  oxygen.  It  is  not  redaced  by  hydrogen.  With  carbon  the 
redaction  takes  place  at  a  red  heat,  giving  rise  to  the  formation 
of  carbon  monoxide,  the  volume  of  which  is  doable  that  of 
the  carbon  dioxide  employed. 

CO*        +        C        =        2C0 

GHtan  diuxide  (2  toU.).  Gurbon  mooozlde  (4  toUm,), 

^     CARBON  WSULPHIDE. 

CS« 

This  body  is  prepared  by  passing  sulphur  vapor  over  incan- 
descent charcoal.  In  the  arts,  the  operation  is  conducted  in 
cylindrical,  cast-iron  vessels,  filled  with  charcoal  and  heated  to 
redness,  into  which  sulphur  is  introduced.  The  carbon  disul- 
phide  distils,  and  is  condensed  in  a  suitable  cooling  apparatus. 

Carbon  disulphide  is  a  colorless,  very  mobile,  and  highly-re- 
fracting liquid.  Its  odor  b  usually  strong  and  unpleasant,  but 
is  rather  agreeable  when  the  compound  is  perfectly  pure.  Its 
density  at  15^  is  1.271,  and  it  boils  at  46^.  It  is  very  inflam- 
mable, and  burns  with  a  blue  flame,  producing  sulphurous  oxide 
and  carbon  dioxide. 

CS«  +  0"  =  2S0«  +  CO* 

Its  vapor,  mixed  with  oxygen,  explodes  when  heated. 
Carbon  disulphide  corresponds  in  composition  to   carbon 
dioxide. 

CO*  carbon  dioxide. 

CS'  carbon  disulphide. 

It  is  also  analogous  to  the  latter  body  in  its  chemical  func- 
tions. While  carbon  dioxide  combines  with  metallic  oxides, 
fonning  carbonates,  carbon  disulphide  combines  with  metallic 
sulphide,  forming  sulphocarbonatcs. 

CO*     -I-     Na*0     =     Na^CO*  corresponding  to  H^CO* 

Sodium  oxide.    Sodinm  carbonate.  Carbonic  acid 

(hypothetical). 

CS*  -f    Na*S       =       Na*CS'  corresponding  to  IPCS' 

Sodiara  solphide.    Sodium  •nlphocarbonate.  Snlphocarl>onic  acid. 

Sodium  carbonate  and  sulphocarbonate  possess  the  same  con- 
stitution. By  the  action  of  strong  acids  they  should  give  anal- 
ogous products :   the  one,  carbonic  'acid,  H*CO* ;  the  other, 
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solphocarbonic  acid,  H'CS*.  The  latter  body  is  indeed  fonned 
under  such  circumstances,  but  normal  carbonic  acid,  if  it  exist, 
possesses  no  stability,  and  at  once  decomposes  into  carbon  diox- 
ide and  water. 

ff  C0»  =  CO'  +  HH) 

Carbon  disulphide  is  employed  in  the  arts  in  the  maDTlft^ 
turc  of  vulcanized  caoutchouc,  and  as  a  solvent  for  caoutchouc 
in  the  fabrication  of  goods  impermeable  to  water  by  the  deposit 
of  a  thin  layer  of  that  substance.  It  is  also  employed  as  a 
solvent  for,  and  in  the  extraction  of,  fats  and  oils. 

CARBON  OXYSULPHIDE. 

Density  compared  to  air 2.1046 

Density  compared  to  hydrogen 30.4 

Molecular  weight  CSC =60. 

This  body  was  discovered  by  de  Than  in  1867.  It  is  inter- 
mediate between  carbon  dioxide  and  carbon  disulphide. 

COO  carbon  dioxide. 
CSO  carbon  oxy sulphide. 
CSS  carbon  disulphide. 

Preparation. — It  is  prepared  by  decomposing  potaasiam  sol- 
phocyanate  by  dilute  sulphuric  acid.  Potassium  sulphate  iD<i 
sulphocyanic  acid  are  formed,  and  the  latter,  in  the  preseooe 
of  an  excess  of  sulphuric  acid  and  water,  decomposes  into  iD- 
monia  and  the  gas  carbon  oxysulphide,  which  may  be  ooUected 
over  mercury  ;  the  ammonia  remains  combined  with  the  sqI* 
phuric  acid  iu  the  form  of  sulphate. 

CSNH     +     H^O    =    NH»    +     CSO 

Sulphocyanic  acid.  Carbon  ozyfolphide. 

Properties. — (\irbon  oxysulphide  is  a  colorless  gas,  having 
an  odor  like  that  of  carbon  disulphide,  but  also  recalling  that 
of  hydrogen  sulj>hido. 

On  contact  with  an  incandescent  body,  even  a  match  pre- 
senting a  s})ark  of  fire,  it  takes  fire,  burning  with  a  blue  flame, 
and  depositing  sulphur  if  the  supply  of  air  be  insufficient 
With  (Hie  and  a  half  times  it>s  volume  of  oxygen  it  constitutefl 
an  explosive  mixture. 

2  volumes  of  carbon  oxysulphide      .     .  =  CSO  mixed  with 

3  volumes  of  oxygen =0*  yield 

2  volumes  uf  carbon  dioxide    ....  =  CO*  and 

2  volumes  of  sulphur  dioxide  ....  =*S0* 


w 


OOMPtirMW   DC  TAKBON    AND    H\T»BOOEN. 

S'wiet  diasolvM  about  tie  own  v^ilut 
lb«  solution  decomposcn  in  it  few  himrs, 
'dragen  salphiiiu  and  oarboD  dioxide. 

CSO  +  H'O  ^  CO*  +  H'S 


rbon  nxjsulphidu  is  absorbed  completely,  but  more  nlowly 
(ban  naHfin  dioxidtr,  \>j  Mlutioiu  of  the  alkaline  hydrates;  by 
1  renctioo  annlugoua  to  the  preceding,  a  Bulphide  and  a  carbonato 
we  tbrmed. 


BIPOUNDS   OF  CAEBON  AND   HYDROGEN. 


w  comjiounils  ore  nnroeroua  nnd  important.  CaHion 
unites  with  Uydrogeu  in  different  proportiona,  anil  the  alonu  of 
carbon  and  hydrogen  u)ay  lU'ouiniilatu  in  cottsiderablo  numbers 
in  ihn  iniil<-(nil>»  of  their  coiupouods.  These  combinutioua  are 
culled  hydrocarbona  or  uirbidcs  of  hydrogen.  Hydrogen  niono- 
eirbide,  or  mnrah  gns,  raintatna  only  one  atom  of  carbon  I'om- 
bvo<?<d  wilh  four  al4)m9  of  hydrogen  ;  i(s  molecule  ia  therefore 
roproscnteil  by  the  tVirmula  CH',  In  olefiant  gas,  or  ethylene, 
two  atoms  of  carbon  are  united  with  four  atoms  of  hydrogen; 
in  the  volatile  liquid  kuown  ns  beuxene  or  benxi'l,  whioh  is  ob- 
tained in  large  quantities  feitu  eoal-Iar,  els  atoms  of  carbon  are 
combined  with  six  atoms  of  hydrogen.  Iiuntly,  (he  moluuulB 
of  oil  of  tarpentine  contains  too  atums  of  carbon  and  sixtees- 
of  hydrogen. 

Hence  th«se  sabstancea  give  im  the  following  formnls 


CH*  methane,  o: 
CH'  ethylene,  <. 
CH'  benieoo. 
CH"  lurpenlin 


marHh  gas. 
r  olcGant  gas. 


These  examples,  which  might  be  indefinitely  multiplied,  show 
1st.  That  the  atuuia  of  carbon  unite  in  various  proportions  with 
the  alMaa  of  hydrogen  to  i.'onstitute  thv  molecules  of  the  hydro- 
eubons.  2d.  That  tliey  neciiuiulate  in  greater  or  less  numbers 
to  form  molecules  mure  and  more  comjilcx,  that  is,  containing 
an  inyrcaaing  number  of  atomx  of  carbon  and  hydrogen. 
^~~^'Sll  uf  theau  bodies  miutt  be  considered  among  the  organic 
ooraponndai  indeed,  tlie  latter  am  nothing  more  than  the  eom- 
poande  of  cubon.  and  carbon  monoxide  imd  dioxide  may  also 
Im  propwly  conndered  as  the  tmisC  simple  organic  combinations. 
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HeQce  if  the  most  strictly  rigorous  method  were  adbered  to, 
the  description  of  the  compounds  of  carhoa  and  oxygen  wonld 
be  followed  by  that  of  all  the  other  compounds  of  this  element, 
that  is,  of  all  the  organic  compounds.  However,  for  the  par- 
poBcs  of  Btudy  it  is  advantageous  to  treat  the  latter  bodia 
separately,  and  they  will  be  so  considered  in  this  work.  Tbt 
following  experiments  will  expose  some  of  the  general  proper- 
ties of  the  hydrooarbons  which  have  been  mentioned : 

1.  If  u  lighted  taper  be  applied  to  a  jar  of  methane,  which 
is  also  called  marahgas,  because  it  is  diseng^ed  from  the  mnddj 
bottoms  of  marshes,  the  gas  takes  fire  and  boms  with  a  Imai- 

2.  If  the  same  experiment  be  repeated  with  ethylene  go, 
which  cimtBins  for  the  Hame  proportion  of  hydrogen  twice  u 
much  carbon  as  marsh  gaa,  a  still  more  luminous  flame  resoha 

3.  It  is  well  known  that  benzine  and  turpentine  take  fire 
when  lighted,  and  bum  with  bright  flames;  but  it  is  also  koowii 

that  their  flames  are  smo^. 
The  hydrocarbons  are  then 
combustible;  and  how  amid 
they  be  otherwise,  since  tlKf 
conUun  only  two  coraba§tibl« 
elcmenta,  carbon  and  hydro- 
gen ?  The  products  of  it* 
combustion  are  water  oi 
carbon  dioxide,  and  the  ftm* 
tion  of  the  latter  gas  nuylK 
proved  by  agitating  the  coit- 
tents  of  the  jars  in  wfaidi  tlie 
combustion  has  taken  pltK 
with  lime-wat«r;  tlie  uttet 
immediately  becomes  milky 
by  the  precipitation  of  oakJUO 
carbonate. 

This  combustion  is  more  c 
Fio.  8S.  lesacomplete;  whcQthegtsor 

vapor  which  bums  contUDS  * 
large  amount  of  combustible  elements,  the  oxygen  of  the  lii 
may  nut  be  prcxciit  in  sufficient  quantity  to  bum  them  ill,  that 
is,  to  oxidize  them  completely.  Under  these  conditions  it  ^ 
the  hydrcigcn  which  is  burned  by  preference,  and  the  cubMi 
partly  escapes  combustion. 
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A  flftine  U  a  gas  or  vapor  in  combuation.  This  combustion 
is  to  oxidation,  and  it  is  the  oxygen  of  the  air  whicb  ia  the 
•genu  In  order  tliat  it  luay  take  place,  it  is  generully  nccea- 
aarj  that  the  combustible  ga^  shall  be  brought  lo  «  hij;h  tem- 
peratnre;  but  onoe  couimvuced,  the  t.'ODibu.ttinD  c 
itself,  because  the  bent  dieengogud  by 
lbL<  uxidatioD  is  sufficient  to  maintaiti  the 
pbenonienon.  But  if  a  flame  be  suddenly 
eouled,  the  combustion  is  at  once  arresied. 

A  flame  may  be  cooled  by  depressing 
inlti  it  a  [lieee  of  fine  wire  gauze.  The 
incandcncent  gases  enonot  pass  through 
the  mcsheu  of  the  gauee  without  being 
tooled  by  eontiurt  witli  the  metal,  which 
ia  a  good  uunductor  of  heal.  For  this 
reason,  no  combustion  takes  [ilaec  above 
the  gauEe  (Fig.  86). 

If  a  piece  of  wire  game  be  held  over 
an  eecaping  jet  of  gas,  the  latter  may  be 
ignited  above  tlie  gauee,  and  will  hum 
without  tlie  combustion  being  prop^^ed 
to  the  gas  below;  the  ganxe  ac-ta  us  a 
Boreen,  separating  the  jet  into  two  portions, 
the  lower  cold  and  invisible,  the  upper  in 
oombuBtion  and  lumiuoos. 

Sir  Humphry  Davy  made  a  huppy  ap- 
pliuttion  of  theae  facts  in  the  construction 
of  the  uiiner'a  safety-lamp.  This  ia  an 
(irdiiiary  lamp  surrounded  by  a  cylinder 
of  wire  gnmse  (Fig.  87). 

Such  a  lamp  gives  less  light  than  one 
not.  prot/'i-'ted  by  im  envelope,  bnt  it  re- 
moves tlin  ilanger  of  explosions  of  fire- 
damp, for  when  an  esplosivii  mixture  is 
f«nDed  in  the  galleries  of  a  mine,  the  gas 

>enctrat«  lo  the  interior  of  llie  lump  and  take  fire  there,  ' 
o  flame  cannot  pass  through  the  cooling  envelope  of  w* 

The  jwfety-lamps  are  now  constructed  with  the  lower 
f  the  cylinder  of  glasM,  so  tliat  there  ia  no  diminution  in 


Fio.  87. 


mount  (if  light  given. 
.B  the  oxidation  of  cumljustible  c 
^it  is  evident  that  the  different  parts  of  a  flame  cannot  be 
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onUbnnly  hot,  for  the  oxygen  of  the  surrounding  air  cannot 
equ^y  attain  all  portiona.  The  exterior  borders  are  the  mort 
intensely  heutt-d ;  thej  are  surrounded  by  air,  and  conatiUiU 
the  scat  of  combustion.  From  tbem  the  heat  U  radiated  not 
only  eat«mal1y,  but  also  to  the  interior  of  the 
flame,  where  it  produces  interei<ting  phenomeoL 
These  may  be  studied  by  analyzing  a  flame, 
that  is,  conaidering  separately  the  <]ifferent  partt 
of  which  it  is  composed.  If  the  flame  of  a  can- 
dle be  examined,  it  will  be  found  to  present  thrra 
distinct  layers,  or  cones  (Fig.  88). 

1.  A  dark  central  part,  a,  which  anrroanib 
the  wick.  This  is  known  ns  the  obscure  wne, 
or  cone  of  generation ;  its  lemperatuns  is  sot 
high. 

2.  A  luminous  part,  bb',  surrounding  the  ob- 
scure cone.  This  is  the  centre  from  whiub  (he 
light  is  emitted.  It  is  known  as  the  huniiKHis 
cone,  or  cone  of  deoompoaition. 

3.  An  exterior  envelope,  cc/,  thin,  and  pro- 
duciug  but  little  light,  yellow  towards  the  Bun- 
mit,  p,  and  bluiah  towards  the  base,  dtl.  It  is  the 
cone  of  complete  combusljon,  and  its  tcmpeiawre 
is  the  highest. 

It  ia  easy  to  account  for  tliene  phenomeo*. 
The  material  of  the  candle  ia  melted  by  the  beai 
of  the  fiame,  the  liquid  ia  drawn  up  into  tbe 
wick  by  capillarity,  and  arrives  at  the  inn*' 
deecent  summit.  There  it  is  decomposed,  producing  gunud 
vapors  rich  in  carbon  and  hydrogen,  and  which  rise  around  i^ 
wick,  forming  an  irregular  cone.  The  gaseous  products  bW*- 
tuting  this  cone  do  not  present  the  same  composition  throB^ 
oot.  They  have  been  analyred  by  H.  Sainte-CIaire  DerUls- 
by  the  aid  of  very  ingenious  processes. 

The  obscure  cone  is  tbrmed  of  gaseous  products  holdiuf  i" 
suspension  finely-divided  carbon,  which  has  not  yet  arriveo*' 
incandeHceTice, 

These  products  become  heated  on  reaching  the  more  cenU* 
portiona  of  the  flame.  Then  the  carbon,  which  is  set  fre*  by 
the  decomposition  of  gases  rich  in  carbon,  is  brought  to  brig''' 
incandescence,  bnt  it  is  conjplclely  burned  only  when  it  reacbt* 
the  exterior  envelope,  where  the  oxygen  io  in  cxoess.    A  sin^ 
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experiment  will  demonstrate  that  the  most  luniinniu  ptirtion 
of  the  flame  holds  in  suspensioa  fin  el; -divided  and  jneuiidas- 
cent  carbon.  If  a  porcelain  saucer  be  deprcHsed  into  tbia 
portion,  the  carbon  will  be  deposited  tin  the  vexBel  in  the  form 
of  soot. 

It  ia  this  solid  and  incandescent  carbon  which  caiwea  the 
Itiniinosity  of  the  flame.  The  flame  of  hydniBen,  which  con- 
tains only  gaaeona  products,  is  pale.  In  the  coleium  or  Dnim- 
mood  light  it  produces  great  brilHBney  because  a  solid  body, 
lime,  ia  heated  to  bright  incandescence.  When  the  carbon 
BOBpended  in  a  flame  is  in  excess  in  proportion  to  the  supply 
of  oxygen,  it  is  incumpletely  bumud,  and  is  carried  into  the 
wr.     'Vhc  flame  then  sraokes. 

At  the  base  of  the  cone,  carbon  monoxide  and  methane,  the 
first  produeiA  of  the  decomposition  of  the  candle,  burn  on  con- 
tact with  the  air  at  ilif  with  a  blniah  flame. 

According  to  recent  experiments,  the  density  of  a  burning 
gaji  is  not  without  influence  upon  the  lustre  of  the  flame.  The 
flame  of  hydrogen  is  luminous  when  that  ga^  is  burned  under 
strong  pressure  (Frankland). 

Illuminating  gas  is  a  mixture  of  hydrof;cn  with  various  gas- 
eous hydrocarbons  and  a  small  proportion  of  carbon  monoaide. 
It  is  mannfaclureJ  by  the  destructive  dis- 
filiation  of  bituminous  coal.  The  otjueous 
products  containing  ammonia,  and  the 
tarry  matters  formed  during  the  distilla- 
tiooare  condensed,  and  the  gas  is  purified 
by  washing  with  water  and  passage  over 
altked  lime  to  remove  sulphur  and  other 
impurities. 
Dluminaling   gas    forms  an   explo.'iivo 

mixture  with  air,  but  if  the  uiixlure  liu 

burned  as  it  is  formed,  the  resulting  flaiuc 

"ill  be  almost  colorless  and  will  depc>i<li  ' 

nu  ioot,  the  whole  of  the  carbon  cominij 

in  contact  with  sufficient  oxygen  for  its 

wuplete  enmbustioii.     These  condilioun 

Me  fulfilled  in  the  Bunsen  burner  (Fif-.    ' 

B9).     In  this  burner,  the  force  of  the  '■' 

(■Ofiing  gas-jet  draws  in  air  through  holi's   iiuiin'ili^ 

^  the  jet  in  a  wider  tube,  at  the  end  of  which  the 

Ixmed. 
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GENERAL  NOTIONS  UPON  THE  METALLOIDS. 


THEORY  OF  ATOMICITT. 

From  a  consideration  of  the  facts  aoqnired  in  the  stadj  of 
the  elements  known  as  metalloids,  we  may  deduce  certain  gen- 
eral consequences,  and  while  looking  back  on  the  field  over 
which  we  have  passed,  we  may  at  the  same  time  fix  certain 
landmarks  for  the  remainder  of  our  course. 

The  elements  which  we  have  studied  are  not  alike  in  their 
aptitude  to  cuter  into  combination,  nor  in  the  general  chancters 
of  their  compounds.     In  this  respect,  analogies  and  difier- 
enccs  have  been  established  between  them,  and  these  have 
become  the  basis  of  a  rational  classification.     Following  the 
example  of  Dumas,  we  have  arranged  these  elements  in  groops 
or  families,  uniting  in  the  same  group  those  which  are  related 
by  their  chemical  functions.     For  this  reason  boron  has  been 
separated  from  silicon  and  carbon,  since  it  differs  from  them 
so  far  as  concerns  the  composition  of  their  compounds.    The 
groups  thus  formed  are  as  follows : 


HYDROOE.V. 


FLUORINE. 
CHLORINE. 
BROMINE. 
IODINE. 


OXYGEN. 
SULPHUR. 
SELENIUM. 
TELLURIUM. 


MITROOBK. 
PHOSPHORUS. 
ARSENIC. 
ANTIMONY. 


BORON. 


SIUOOV. 
CABBOI. 


In  order  to  account  for  the  chemical  iiinctions  of  all  these 
bodies,  that  is.  for  the  parts  which  they  play  in  their  oombini- 
tions,  we  must  first  consider  their  hydrogen  compounds.   They     J 


constitute  the  following  series : 


HH 

H*0 

H'N 

H'Si 

Hydrogen. 

Wafer. 

Ammonia.         HydrogeB  •iUcMk 

HCl 

H^S 

HT 

H'C 

Hydrochloric 
acid. 

Hydrogen 
snlptiide. 

Hydrogen 
phosphide. 

■ssr 

HBr 

H^Se 

H'As 

Hydrobromic 
acid. 

Hydrogen 
selcuido. 

Hydrogen  arvenld*. 

HI 

H'^Te 

H'Sb 

Hydriodic  acid. 

Hydrogen 
telluride. 

Hydrogen  uUmoDldi. 

HFl 

Hydrofluoric  acid. 
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It  is  seen  tliat  tihe  preceding  groups  are  characterized  by  the 
composition  of  their  hydrogen  compounds.  While  the  bodies 
of  the  first  group  combine  with  hy(&ogen  atom  for  atom,  those 
of  the  second  group  require  two  atoms  of  hydrogen,  those  of 
the  third  three,  and  those  of  the  fourth  four,  to  form  hydrogen 
compounds.  Hence  we  may  draw  the  conclusion  that  the  atoms 
of  these  metalloids  are  far  ^m  being  equivalent  in  their  power 
of  combination  with  hydrogen. 

The  atoms  of  chlorine,  bromine,  and  iodine  are  equivalent 
to  each  other  in  this  respect,  for  each  requires  but  one  atom 
of  hydrogen. 

The  atoms  of  oxygen,  sulphur,  etc.,  are  equivalent  to  each 
other,  for  each  combines  with  two  atoms  of  hydrogen. 

The  atoms  of  nitrogen,  phosphorus,  arsenic,  and  antimony 
are  equivalent  to  each  other,  for  each  of  them  unites  with  three 
atoms  of  hydrogen. 

Lastly,  the  atoms  of  carbon  and  silicon  are  equivalent,  for 
each  can  unite  with  four  atoms  of  hydrogen. 

But,  on  the  other  hand,  it  is  evident  that  the  atoms  of  chlo- 
rine, oxygen,  nitrogen  and  carbon  are  not  equivalent  to  each 
other,  as  regards  their  power  of  combination  with  hydrogen, 
since  each  of  them  unites  with  a  different  number  of  atoms  of 
that  body. 

In  this  respect  it  may  be  said  that 

1  atom  of  chlorine  is  equiyalent  to  I  atom  of  hydrogen. 
1  atom  of  oxygen  **  2  atoms  ** 

1  atom  of  nitrogen  **  3  atoms  " 

1  atom  of  carbon  **  4  atoms  ** 

It  is  evident  that  the  capacity  of  combination  which  resides 
in  the  atoms  of  simple  bodies  and  by  which  they  attract  the 
atoms  of  hydrogen,  is  unequal.  Leaving  aside  its  intensity, 
this  force  is  exerted  in  different  degrees,  for  it  determines  the 
union  of  1  atom  of  chlorine,  oxygen,  nitrogen,  or  carbon,  with 
1,  2,  3,  or  4  atoms  of  hydrogen. 

This  number  of  hydrogen  atoms  is  the  measure  of  the  degree 
of  force  which  resides  in  the  atoms, — of  the  capacity  of  combi- 
nation which  they  possess  for  each  other. 
Hence  we  conclude  that 

Ike  atoms  of  chlorine  and  its  associates  are  monatomic  or  univalent. 
The  atoms  of  oxygen         "  "  diatomic  or  bivalent. 

The  atoms  of  nitrogen      "  "  triatomic  or  trivaUnt, 

The  atoms  of  carbon         "  "  tetratomic  or  quadrivalent. 
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The  capacity  of  combination  which  resides  in  the  atoms,  and 
which  is  exerted  in  such  different  manners  according  to  the 
nature  of  the  atoms,  is  called  atomicity.  Atomicity  is  the 
relative  equivalence  of  the  atoms;  it  is  simple  or  multiple,  and 
if  we  consider  it  in  its  first  degree,  we  may  say  that  the  atoms 
of  chlorine  and  the  atoms  of  hydrogen  are  so  constituted  that 
a  single  atom  of  one  attracts  a  single  atom  of  the  other.  When 
they  combine,  they  exchange  in  some  manner  a  unit  of  satura- 
tion, and  in  the  combination  of  chlorine  and  hydrogen  two  of 
these  units  of  force  are  neutralized ;  two  units  of  saturation  or 
two  atomicities  are  exchanged:  the  atoms  of  chlorine  and  of 
hydrogen  are  univalent. 

The  force  which  resides  in  an  atom  of  oxygen  is  more  com- 
plex. It  attracts  two  atoms  of  hydrogen,  and  represents  the 
second  degree  of  capacity  of  combination,  and  we  may  say  that 
in  each  atom  of  oxygen  reside  two  atomicities,  which  are  satis- 
fied and  exchanged  when  this  atom  combines  with  tjir^  atoms  of  *  . 
hydrogen.  Hence,  four  atomicities  are  satisfied  by  the  com- 
bination. 

Following  the  same  reasoning,  we  consider  that  a  triple  capa- 
city of  combination  13  active  in  an  atom  of  nitrogen  when  this 
atom  unites  with  three  atoms  of  hydrogen ;  and  that  six  atom- 
icities are  satisfied  by  the  combination. 

Lastly,  tetratomic  carbon  is  provided  with  four  atomicities, 
which  are  satisfied  by  the  four  atomicities  which  reside  in  four 
atoms  of  hydrogen. 

If  this  neutralization  or  exchange  of  two  units  of  saturation 
be  represented  by  a  hyphen,  we  will  have  the  following  formulas : 


H-Cl 

H-O-H 

H 

H 

Hydrochloric  acid. 

Water. 

1 

1 

N 

H-C-H 

/\ 

1 

H  H 

H 

Ammonia. 

Hydrogen  monocuMd*. 

It  is  seen  that  in  the  formula)  for  water,  ammonia  and  hydro- 
gen monocarbide,  the  polyatomic  elements,  oxygen,  ni^ogen 
and  carboD^  constitute,  as  it  were,  the  nuclei  around  which  Uie 
other  atoms  arc  symmetrically  grouped. 

A  jrreat  many  other  bodies  present  the  same  constitutions  as 
the  preceding ;  it  is  evident  that  a  given  element  in  any  com- 
pound may  be  replaced  by  another  element  having  the  same 
atomicity,  without  disturbing  the  equilibrium  of  the  atomidtieB. 


THKORT  ( 
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»f  tiuijjioso  the  uUnrloL',  oxvpeii,  nttT(^ 
cuWvd  hy  ctenirDtK  of  correspundiiig  nUiui 
tito  Beriee  nf  hjrilrogen  uonipciunds  alreuc 
■ideied.  AH  of  the  bodies  wbich  arc  cks^ed  toother 
series  belciDg  to  the  mhw  type.  Each  contaiue  au  equal  oat 
ber  of  aUiDiCTties  for  the  same  number  of  utoms. 

According  to  the  prinuiplL'  of  eubstitntion  Bnonuneed  i 
il  is  «Tideitit  thai  ibe  h^drogca  in  ea^h  of  r.be  bydrof'eii  cotn- 
pMuid^  nnder  wnsiderBtioD  may  be  replaced  by  another  mon- 
atomic  cti>iii«Dt,  and  ihe  vompoands  thus  formed  will  still  belong 
to  tlie  primitive  tyiK*. 

So  considered,  a  great  number  of  ccimponDds  possess  the 
SKBie  const  it  uti  on, — that  is,  the  same  molecular  Btructure, — 
as  bydrDehlorie  acid,  W!tl«r.  ammaniiL,  and  methane  or  hydro- 
gen  mnnocarbide.     Such  are  thosa  arrangtHl  in  vertical  colui    "^ 
iti  the  (bllowiDg  ubie: 


,Ul  of  ilieae  bodies  belong  to  the  respective  types  HCl,  H'O, 
P.  CH',  the  first  three  of  which  were  eMtublitihed  by  Ger- 
hardl,  and  have  their  esisiteiiee  expluioed  by  the  iitoniiuity  of 
the  elements;  that  is,  by  the  varjing  equivalence  of  their  nlonw, 
measured,  in  the  jiresent  cxtuujileB,  by  the  number  of  hydrogen 
atoms  with  whieh  they  combine. 

Ona  atom  of  oxy^:en  is  equivalent  to  two  atoms  of  hydrogf 
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or  iwo  atoms  of  chlorine.  Hence,  in  the  preceding  oombinv 
tions,  two  atoms  of  chlorine  may  be  replaced  by  one  atom  of 
oxygen  without  changing  the  eiioilibrium  of  the  atomicities. 
Thus,  the  oxides  SiO',CO',  corroipond  to  the  chlorides  SiCt', 
CCl',  and  belong  to  the  same  type.  The  four  atomicitiea  of 
an  atom  of  silicon  or  carbon  are  saturated  by  the  four  atomici- 
ties of  two  atoms  of  oxygen. 

The  trichlorides  of  phosphorus  and  antimony,  PCI'  and  SbCl', 
which  will  be  Ibund  in  the  preceding  table,  require  im  impor- 
tant remark.  They  are  not  saturated  with  chlorine,  and  esich 
may  combine  with  two  more  atoms  of  that  elemcnl,  prodnmg 
the  compounds  PCl^  and  SbCl*. 

Thus,  while  phosphorus  exhausts  its  power  of  combinutioa 
with  hydrogen  in  uniting  with  three  atoms  of  that  element  in 
PH',  in  capacity  of  combination  with  chlorine  is  only  exhausted 
when  it  has  combined  with  five  atoms;  while  it  plays  the  put 
of  a  triatomic  element  in  hydrogen  phosphide,  it  is  pentatomiu 
in  phosphorus  pentachlonde. 

From  these  facts  tt  follows  that  it  is  often  difficult  to  meas- 
ure in  an  absolute  miinner  the  capacity  of  combination  which 
resides  in  an  atom;  for  that  capacity  varies  according  to  the 
nature  of  the  elements  upon  which  it  is  exerted.  Affinity  is 
an  elective  force.  A  given  element  does  not  attract  all  of  the 
other  elements  with  equal  facility ;  it  selects  certain  ones  by 
preference,  and  neglocts  the  others.  With  one,  it  may  form 
but  a  single  compound;  with  another,  it  may  form  several. 

Nitrogen  forms  with  hydrogen  but  one  combination,  ammo- 
nia, NH',  which  cannot  fix  any  more  atoms  of  hydrogen.  Sat- 
urated with  hydrogen  in  ammonia,  nitrogen  manifests  in  con- 
tact with  that  element  but  three  atomicities.  But  let  ammonia 
be  brought  in  contact  with  a  body  other  than  hydrogen,  hydro- 
chloric acid,  for  example,  and  it  will  combine  with  it,  forming 
ammonia  hydrochloride,  or  ammonium  chloride.  If  its  ca- 
pacity of  combination  is  exhausted  for  hydrogen,  HH,  it  i* 
not  exhausted  for  hydrogen  combined  with  chlorine,  HCL 
Thus,  an  atom  of  nitrogen  possesses  other  affinities  than  those 
which  it  manifests  for  hydrogen  in  ammonia.  While  nitrogen 
is  triatomic  in  ammonia  because  it  is  unit«d  with  three  mon- 


atomic  atoms,  it  behaves  as  a  pentutomic  element  in  ammonium 
chloride.       ^  '^  ^  ^ 

The  parts  which  polyatomic  olementa  play  in  their  compounds 
may  be  expressed  by  accents  marking  the  number  of  atomici- 
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ties  or  the  qumUivalence  of  the  element,  as  shown  in  the 
following  formnlad : 

(y'H«    N'"H»    N^H*C1      F"CP         P^Cl*       O^O"' 

Water.    Ammonia.    Ammonlom    Phoaphonui       Pboflphonu       Garbon 

chloride.       trichloride.     penUchloride.     dioxide. 

In  these  compounds,  as  has  been  remarked  before,  the  poly- 
atomic elements  form,  as  it  were,  the  nuclei  around  which  the 
other  elements  are  grouped.  This  is  an  important  idea,  since 
it  leads  to  the  determination  of  the  constitution  of  the  mole- 
cules, that  is,  the  arrangement  of  their  atoms.  The  considera- 
tions just  presented  concerning  the  functions  of  the  elements 
in  compounds  alone  permit  the  resolution  of  this  question ; 
they  alone  lead  to  the  discovery  of  the  relations  existing  be- 
tween the  atoms  in  their  combinations,  and  to  the  determina- 
tion of  their  relative  positions,  in  a  word,  to  the  revelation  of 
the  molecular  structure. 

The  following  developments  will  demonstrate  this  fact. 

We  will  reconsider  certain  o£  the  combinations  above  men- 
tioned, which  have  been  taken  as  types. 

In  water,  an  atom  of  diatomic  oxygen  fixes  two  atoms  of 
hydrogen.  One  atom  of  oxygen  can  fix  two  atoms  of  any 
monatomic  element,  forming  compounds  belonging  to  the  same 
type  as  water;  but  it  cannot  at  the  same  time  fix  a  monatomic 
element  and  a  diatomic  element.  In  other  words,  an  atom  of 
hydrogen  in  water  may  be  repfaced  by  an  atom  of  chlorine, 
bromine,  iodine,  or  potassium,  but  not  by  an  atom  of  oxygen ; 
and  if  a  second  atom  of  the  latter  element  be  joined  to  the 
oxygen  of  water,  it  will  be  seen  that  there  remains  a  free  affin- 
ity which  may  be  satisfied  by  hydrogen.  Hydrogen  dioxide 
would  result. 

H-0"-H    ^'^^  H-(y'-(y'-H 

Water.  Hydrogen  dioxide. 

Hence,  we  draw  the  conclusion  that  in  hydrogen  peroxide, 
the  two  atoms  of  oxygen  are  combined  with  each  other,  and 
that  in  uniting  together  each  atom  loses  one  atomicity,  the  two 
others  being  satisfied  by  hydrogen. 

The  same  considerations  are  applicable  to  the  compounds  of 
chlorine  and  oxygen. 

Hypochlorous  acid  may  be  regarded  as  composed  of  an  atom 
of  chlorine  united  to  the  group  hydroxyl. 

Cl-0"-H  =  cncoH)' 

Hypochlorous  acid. 
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In  this  compound  the  chlorine  exchanges  one  unit  of  satu- 
ration with  the  oxygen  of  the  group  OH,  jurt  as  it  exchanges 
one  with  hydrogen  in  hydrochloric  acid:  it  is  monatomic  or 
univalent.  In  chloric  acid  it  is  oomhined  with  two  atoms  of 
oxygen  and  one  group,  OH.  It  exchanges  4  atomicities  with 
oxygen,  and  one  with  the  group  OH : 

Chloric  acid. 

Chlorine  thus  manifests  5  atomicities  in  chloric  acid ;  but  it 
has  7  in  perchloric  acid. 

Cl'"0»(OHy 

Perchloric  acid. 

Without  dwelling  on  these  considerations,  we  will  take  one 
more  example. 

In  hydrogen  phosphide,  one  atom  of  phosphorus  is  combined 
with  three  atoms  of  hydrogen ;  it  manifests  but  three  atomici- 
ties, and  these  could  not  neutralize  those  which  reside  in  three 
atoms  of  oxygen,  since  the  latter  possess  six  atomicities.  If 
then,  three  atoms  of  diatomic  oxygen  were  united  with  one 
atom  of  triatomic  phosphorus,  it  is  clear  that  three  affinities 
would  remain  free,  one;  in  each  of  the  three  atoms  of  oxygen. 
In  phosphorous  acid,  these  three  affinities  of  the  oxygen  atoms 
are  satisfied  by  three  atoms  of  hydrogen.  We  may  suppose 
that  in  the  molecule  of  this  compound,  the  phosphorus  is  the 
nucleus  around  which  are  grouped  three  atoms  of  oxygen,  each 
of  which  is  joined  also  to  one  atom  of  hydrogen. 

This  atomic  grouping  is  indicated  in  the  following  formulae: 

H  OH 

I  I 

P  P 

H^H  HO^OH 

Hydrogen  phospliide.  Phosphorons  add. 

This  hydrogen,  combined  with  the  oxygen  in  all  of  the  oxy- 
gen acids,  plays  invariably  the  same  part:  it  saturates  the  one 
atomicity  which  remains  free  in  one  atom  of  oxygen.  The 
oxygen  thus  combined  with  an  atom  of  hydrogen,  has  lost  one 
of  its  atomicities  by  the  fact  of  this  combination ;  it  still  retains 
one  in  the  group  OH,  which  represents,  as  it  were,  water  ksB 
one  atom  of  hydrogen. 

HOH  —  H  =  (OH)' 
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This  groap  is  named  hydroxyl,  and  it  is  evident  that, 
ahhon^  it  cannot  exist  hy  itself,  it  may  pky  the  part  of  a 
monatomic  element,  for  it  retidns  one  free  atomicity.  It  may 
then  replace  a  monatomic  element,  sach  as  hydrogen  or  chlo- 
rine. Indeed,  it  plays  an  important  part  in  the  constitution  of 
acids. 

If  we  consider  the  examples  which  have  already  been  dis- 
coased,  we  will  notice  that  it  is  this  hydroxyl  which,  by  com- 
bining with  an  element  or  group  of  elements  capable  of  forming 
acids,  confers  upon  them  the  characters  of  acids.  So  consid- 
ered, hypochlorous  acid  is  formed  by  the  union  of  hydroxyl 
with  an  atom  of  chlorine. 

Cl(OHy 

Hypochloroas  add. 

Sulphuric  acid  is  formed  by  the  union  of  two  hydroxyl  groups 
with  sulphurous  oxide,  and  represents  in  a  manner  sulphury! 
chloride  in  which  the  two  atoms  of  chlorine  are  replaced  by 
two  hydroxyl  groups. 

Bnlshnrjl  chloride.  Salphuric  acid. 

Phosphorous  acid  b  formed  by  the  union  of  three  hydroxyl 
groups  with  one  atom  of  phosphorus. 

(  Cl  f  (OH)' 

F'WCl  F"^(OH)' 

(  Cl  (  (OH)' 

Fbosphorot  trichloride.  PhoflphoroiiH  add. 

Lastly,  phosphoric  acid  residts  from  the  union  of  three  hy- 
droxyl groups  with  one  atom  of  phosphorus  already  combined 
with  one  atom  of  oxygen  (phosphoryl). 

(  Cl  ( (OH)' 

CF  \  a  o"P'  J.  (OH)' 

(  Cl  ( (OH)' 

Fboapboiyl  trichlorid*.  Phosphoric  acid. 

Such,  according  to  the  theory  of  atomicity,  are  the  relations 
existing  between  the  atoms  of  certain  acids ;  such,  in  other  words, 
is  the  constitution  of  these  acids.  It  would  be  easy  to  extend 
these  considerations  to  other  bodies,  but  the  examples  we  have 
chosen  are  sufficient  to  indicate  the  importance  of  the  idea  of 
atomicity,  when  it  is  applied  to  the  discovery  and  definition  of 

20 
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the  part  played  by  each  element  in  a  given  oomponnd.  By 
supposing  the  capacities  of  combination  of  chlorine,  oxygen, 
sulphur,  and  phosphorus  to  be  known,  we  have  been  able  to 
follow  these  bodies  in  their  most  important  combinations,  we 
have  seen  how  they  attract  and  group  around  themselves  oUier 
elements.  We  have  thus  been  able  to  penetrate  the  atomic 
structure  of  the  molecules,  and  have  built  up  as  it  were  the 
molecular  edifice.  It  must  be  remembered,  however,  that  the 
preceding  formulae  do  not  in  any  manner  represent  the  real 
positions  of  the  atoms  in  space.  Their  sole  object  is  to  indi- 
cate the  points  of  attachment  of  the  affinities,  and  consequentJy 
the  mutual  relations  between  the  atoms. 


CHEMICAL  ENERGY— THBRMO-CHBMISTBT. 

The  study  of  the  elements  and  compounds  already  described 
has  shown  that  combination  is  usually  accompanied  by  a  more 
or  less  intense  development  of  energy,  while  in  some  cases 
energy  is  developed  by  decomposition.  We  have  seen  that 
many  compounds  arc  dissociated  or  separated  into  their  elements 
by  temperatures  more  or  less  elevated,  and  it  is  not  diffionlt  to 
understand  that  the  amount  of  energy  developed  or  absorbed 
in  the  formation  of  a  compound,  is  the  exact  measare  of  the 
energy  required  or  developed  in  its  decomposition. 

The  determination  of  the  precise  amount  of  energy  developed 
or  absorbed  in  any  chemical  reaction  is  the  object  of  thermo- 
chemistry. In  order  to  simplify  and  harmonize  results  for  com- 
parison, the  kilogramme  degree  is  selected  as  the  unit  of  energy, 
representing  the  quantity  of  heat  necessary  to  raise  the  tem- 
perature of  one  kilogramme  of  water  through  one  degree  centi- 
grade. This  unit  is  termed  a  calorie,  and  the  heat  of  formation 
or  decomposition  of  a  compound  is  expressed  by  the  number 
of  calories  produced  by  the  formation  or  decomposition  of  one 
molecule  of  the  substance,  the  atom  of  hydrogen  being  supposed 
to  weigh  one  gramme.  Thus  the  heat  of  formation  of  carbon 
dioxide  will  be  the  number  of  calories  produced  by  the  perfect 
combustion  of  twelve  grammes  of  carbon.  When  practicable, 
the  heat  of  formation  is  determined  by  the  energy  of  oombos- 
tion.  *  As  a  general  formula,  we  may  consider  that  the  com- 
bining atoms  possess  energy  in  some  form,  chemical,  physical, 


CHEHtCAL    ENEEOY- 

or  tnechaoical,  which  energy  we  may  call 
the  reaction  will  poxeet  ni  ±  n  energy,  '■ 
diMngaged  by  the  reaction. 

It  has  been  Tound  that  the  amouat  of  eucrgy  developed  by 
the  fonnatioa  of  any  ooniponnd  from  iu  eiemoats  is  precisely 
d>e  eau&e  whether  the  body  is  furmed  at  once  or  by  several 
Mages.  Thus,  the  heat  of  formalioa  of  CO'  ia  the  same 
whether  it  be  formed  by 

0  +  0"  =  CO',  or  by  C  +  0  ^  CO  and  CO  +  0  =  CO". 

In  the  oiidation  of  a  oombnHtible  compound  which  boa  been 
fermed  with  diseugagenieDt  of  energy,  leas  heat  ahould  be  pro- 
dooed  ihaD  by  the  direct  oxidttlion  of  the  oonatitucnt  elements, 
rince  p«rt  of  their  alomio  energy  has  already  been  disco^^ed 
by  their  combinatioa.  Thus,  the  energy  of  formatJoD  of  CH* 
ihoujd  be  represented  by  the  difference  between  the  beat  pro- 
duced by  the  cambuation  of  CH*,  and  that  prodnced  by  the 
eombustion  of  C  plus  that  of  H*  (H  =:  1  ^mme).  Tha 
encr^  of  formation  of  CO  will  be  the  difference  between  the 
energy  of  combustion  of  C  and  that  of  CO. 

Direct  and  indirect  methods  of  reaaonin-;  of  this  kind  bave 
enabled  the  calculation  of  the  energy  of  tormatiun  of  a  large 
■limber  of  eompounda. 

The  physical  slate  of  the  reacting  bodies  and  of  the  prodaet 
ia  Deoeasarily  no  important  factor  in  thermo-chemical  coNHider- 
Uioni.  If  the  product  bo  gaseous  while  the  reacting  bodice 
be  liquid  or  solid,  a  certain  amount  of  energy  will  be  required 
In  maintain  the  matter  in  the  gaseous  form,  and  this  quantity 
nast  be  calculated  and  added  to  that  actually  resulting  from 
the  reaction.  If,  on  the  contrary,  the  bodies  entering  into 
combination  be  liquid  or  gaseous  while  the  result  is  solid,  the 
direct  ener^  of  combination  will  be  lower  than  the  heat  de- 
veloped by  the  reaction. 

While  the  laws  governing  chemical  energy  are  as  yet  unde- 
veloped, it  is  not  difficult  to  understand  the  cau«e  of  the  phe- 
Dometia  in  which  heat  is  disengaged  or  absorbed.  We  must 
believe  that  the  atoms  of  any  element  are  endowed  with  motion, 
and  chemical  energy  then  becomes  atomic  motion.  If  the 
atomic  motion  bo  arrested,  the  energy  appears  as  heat,  molecu- 
lar motion,  or  in  some  other  form.  When  two  elements 
manifest  energetic  affinities  for  each  other,  it  is  because  their 
atoms  are  moving  in  saoh  a  manner    that  a  porti 
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atomio  motion  may  be  matually  arrested ;  this  atomic  eneig^ 
is  then  transformed  into  heat  energy  or  moleoalar  motion. 

While  all  chemical  action  most  be  referred  to  atomic  motion, 
the  manner  of  that  motion  cannot  at  present  be  fully  under- 
stood. Atomic  energy,  that  is,  affinity,  must  be  a  function  of 
temperature,  since  the  atomio  vibrations  of  the  elements  may 
be  so  varied  by  an  absorption  of  energy  from  external  sources 
that,  on  one  hand,  the  motions  of  atoms  manifesting  little 
affinity  for  each  other  may  be  so  harmonised  that  combination 
must  take  place,  and,  on  the  other,  the  harmonious  movements 
of  unlike  atoms  may  be  rendered  so  incompatible  that  those 
atoms  will  separate,  finding  conditions  of  more  stable  equilib- 
rium in  molecules  of  the  elementary  substances. 

In  this  manner  we  can  readily  interpret  those  cases  in  whieh 
decomposition  is  attended  by  a  development  of  energy,  as  with 
hydrogen  dioxide,  nitrogen  iodide,  and  many  other  compounds. 
In  the  formation  of  nitrogen  iodide  by  the  action  of  ammonia 
on  iodine  (page  145),  ammonium  iodide  also  is  formed. 

4NH»  +  3P  =  NP  +  3NH*I 

Ammonium  iodide  is  formed  with  disengagement  of  eneigy, 
but  in  the  above  reaction  that  energy  does  not  become  apparent; 
the  liquid  does  not  become  warm ;  the  energy  which  disappears 
from  the  atoms  in  the  ammonium  iodide  is  transferred  to  the 
atoms  of  nitrogen  and  iodine,  and  enables  them  to  combine, 
forming  nitrogen  iodide.  These  atoms  then  possess  greater 
energy  than  when  in  molecules  of  nitrogen  and  iodine,  and  oo 
the  least  disturbance  of  the  unstable  equilibrium  the  nitrogen 
iodide  is  decomposed ;  the  atoms  of  nitrogen  combine,  forming 
molecules  of  nitrogen,  and  the  atoms  of  iodine  form  mdecnlei 
of  iodine.  Part  of  the  atomic  motion  being  thus  arrested,  the 
energy  of  formation  of  ammonium  iodide  reappears  and  be- 
comes external  in  the  form  of  energy  of  formation  of  molecalei 
of  nitrogen  on  one  hand,  and  of  iodine  on  the  other. 

These  principles  are  capable  of  extended  appKcation.  Thej 
have  been  developed  by  the  labors  of  Favre  and  Silbermao, 
Julius  Thomson,  Berthelot,  Tommassi,  and  others. 


The  metaU  are  clemenU  which  are  good  ronduclors  of  heat 
tnd  electricity,  and  are  endowed  with  a  peculiar  lustre,  which 
is  called  the  metallic  lustre.  This  de&uition,  it  will  be  oh- 
served,  ia  rounded  upoo  certain  physical  charactere  rather  than 
upon  eheniica]  properties.  It  is  uiieatisracU>rj  and  wanting  in 
exactness,  for  ii  is  applicable  to  bodies  which  are  properly  con- 
sidered as  metalloids.  Such  is  antimony,  which  has  nlrcitdy 
been  deecribed,  and  bismuth,  whieh  should  be  placed  beside 
antimony.  Indeed,  the  distinction  between  the  metals  und 
metalloids  is  nut  so  well  marked  that  a  line  which  shall  scpoi- 
rale  thea«  two  classes  of  simple  bodies  may  be  shurply  drawn. 

Fhyneal  Propertiea  of  ttie  Ketali. — These  will  he  found 
in  the  tabic  on  page  232,  hut  the  indications  there  given  may 
be  completed  by  certain  other  developments. 

The  metals  ore  opaque,  but  their  opacity  is  not  absolute. 
A  sheet  of  gold-leaf  pressed  out  between  two  plates  of  gisn 
illows  the  pusangc  of  a  green  light. 

Gold  possesses  a  brilliant  lustre  and  a  yellow  color,  but  it 
Wes  Ibis  lustre  when  it  is  reduced  to  a  minute  powder.  When, 
howetcr,  this  powder  is  rubbed  with  a  hard  body,  when,  for 
example,  it  is  triturated  in  an  agate  mortar,  or  passed  under 
the  bumbber,  it  acquires  a  certain  d<^ree  of  cohesion,  and 
igWn  assomes  its  lustre. 

It  is  thus  with  all  the  metals.  They  lose  their  metallic  lustre 
vhen  finely  divided  and  reassume  it  on  burobhing. 

The  yellow  color  of  gold  is  not  it^  true  color;  the  rays  which 
toch  the  eye  are  the  reeult  of  but  one  reflection,  but  if  light 
be  niceeauvely  reflected  from  ten  surfaces  of  gold,  the  metal 
*ill  appear  of  a  bright-red  color,     tinder  the  same  circum- 

Ruictt,  copper  will  appear  scarlet,  anc  indigo,  iron  violet,  and 

ulvtr  pure  yellow  (B.  Prevost). 
Moat  of  the  metals  may  be  crystallized.     Bismuth  is  the 

iiwt  MrikiDg  example.    If  a  few  kilogrammes  of  pure  bismuth 

^  fiued,  and  the  Uquid  mass  be  allowed  to  cool  slowly,  the 
20*  288 
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1  irill  solidify  first  next  to  the  walls  of  the  vesAcI  and  on 
I  earfacc,  whun;  ii  is  niuEit  (^uolud.  If.  in  a  little  nhil(>,  the 
t  which  covers  the  still  liqaid  uietal  be  i)!!'!^!^!,  itud  ihu 
Utter  be  iionred  out,  the  wholtr  of  tbu  iutcriur  of  the  vessel 
tritl  be  foiiad  corerad  with  niagnifii^ent  crraiaU,  nrranged  in 
hopper-like  pyramids,  nod  presenting  brilliitnt,  rsiubuw-Uku 

Other  metals,  such  as  copi)er,  lead,  antimony,  tin,  silver,  and 

gold,  may  be  crystallized  under  L-ertuin  condiliuus.     Some  of 

^^Mu  metaki  are  fonod  crystaJlized  in  nuture. 

^^Kr Those  uietala  which  may  be  t>eaten  or  rolled  inio  thiu  lamiu» 

^^Bp  aaid  to  be  nui&uf/le.    AA  (Fig.  90)  represent  two  ^teel 


Pio  90 


Km  capable  of  nioving  on  their  axes  in  oppoHit*  direetiona 
lule  111  metal  ingBpi>d  between  Iheui  will  bt  drawn  m  and 
roiled  Hhoet  wdl  pu-is  unt  on  the  other  side  with  i  unilorni 
uiii-kness  i<()unl  to  (lie  dtatance  betwi;i.n  ihi  Iwn  rolltrs  By 
dimiaishio(f  tbia  dutiuice  more  and  more  by  mtjof  >if  tlit. 
■crewB  BB  the  sheet  may  graduallj  bt  rediutd  in  ihitkneaa 

I  totals  whldi  muT  be  drawn  out  into  wires  ari.  suid  lu  bi 
hTr  The  wiri-drawine  msLhint  is  repriwLiiipd  in  tij; 
It  cuusitits  III  1  9tecl  plati.,  ff  lirmly  fixed  m  tin,  uji- 
itii  CC,  which  are  tlirmsoKea  solidiv  attached  t«  a  btnth 
!  plat«  IK  pioried  with  a  Benesof  holes  regularly  dec reaHiiig 
liamoter  Th<^  wire  is  drawn  from  tht  bobbin  \  through 
boles  and  n/T>und  ihe  t-vhoder  B  which  la  moved  by  power 
Ihftt  a  metal  may  bo  drawn  into  fine  wires,  it  is  necessary 
■  it  dudl  offer  &  certain  nwislanee  to  rupture.  This  is  called 
tauKiflf  of  the  metal.   U  is  measured  by  suspending  weights 
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at  the  eatreniities  of  wires  of  the  same  diameter.  Iron  is  the 
most  UnaciouH  of  nictds. 

All  of  the  metulu  are  fufiihle.  Some  of  them  are  voUtile 
and  may  be  distilled  ;  among  the  latter  are  mereury,  potaffiiom, 
sodium,  ziDe,  and  cadmium.     All  of  the  metals  are  insulable. 

Chemical  Properties  of  the  Hetala. — The  metals  combbu 
with  eat'h  •>t\wr  and  witli  the  metalloids,  iht;  eni;i^  with  which 
these  combiuations  lake  place  being  veiy  variable.    In  genenl, 


the  metalH  havin^;  the  Htrongest  affinities  are  those  known  a§  tha 
alkaline  metals,  because  they  are  obtained  fVom  the  aJluHo. 
Such  are  potassium  and  sodium. 

All  of  the  metals  combine  directly  with  ehlorine.  The  chlo- 
rides thus  formed  do  not  all  possess  the  same  cnmjKisitioD ;  thej 
contain  for  one  atom  of  metal  a  varying  number  of  chlorine 
atoms. 

A  similar  remark  applies  to  the  oxides  and  sulphides  formed 
by  the  union  of  oxygen  and  sulphur  with  the  metals.  The 
power  of  combination  of  the  latter  with  eh  1  on De,  enlphar,  oxy- 
gen, etc.,  is  far  from  heinp  the  same.  In  other  words,  the  atoms 
of  the  metals  combine  uueijually  with  the  atoms  of  chlorine. 
OJcypen,  etc. ;  hene«  it  follows  that  the  atomic  composition  of 
the  hodiee  thus  fijrraed  is  different.  If  llie  metals  be  oompared 
tnpeiher  in  ihia  respect,  analofriee  and  differences  will  be  estab- 
lished between  them,  which  become  the  basis  for  a  rational 
clawificatiou.     Those  metals  which  form  compounds  haring 
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malogoos  atomic  oonstitatioiiB  are  put  into  the  same  group. 
Such  principles  as  these  have  guided  us  in  the  classification  of 
the  metalloids,  and  we  will  apply  them  to  the  metals  as  soon  as 
we  have  acquired  a  general  knowledge  of  their  compounds. 

Thenard  founded  a  classification  of  the  metals,  not  upon  their 
power  of  combination  considered  in  a  general  manner,  but  upon 
the  yariable  energy  of  their  affinities  for  oxygen.  He  measured 
this  affinitr: 

1.  By  the  facOity  with  which  the  metals  attract  free  oxygen 
at  various  temperatures. 

2.  By  the  difficulty  with  which  the  oxides,  once  formed, 
abandon  their  oxygen. 

3.  By  the  greater  or  less  energy  with  which  the  metals  de- 
compose water. 

Following  these  principles,  Thenard  divided  the  metals  into  six 
classes.  It  cannot  be  denied  that  this  classification  presents  many 
pnedcal  advantages,  but,  on  the  other  hand,  in  a  great  num- 
ber of  cases  it  does  not  recognize  the  best  established  analogies. 

latnnl  State  and  Ex&aotion  of  the  Metals.— Certain 
metals  are  found  in  nature  free  from  all  combination.  It  is 
thus  that  gold,  silver,  copper,  bismuth,  etc.,  arc  met  with  in 
the  native  state. 

More  often  the  metals  are  found  combined  with  oxygen.  buI- 
pbur,  or  other  metalloids.  The  natural  Hulphides  arc  numerous 
and  abundant :  those  of  silver,  copper,  mercury,  lead,  and  zinc 
constitute  the  minerals  from  which  thcHc  metals  are  ordinarily 
extracted. 

Iron  and  tin  are  obtained  from  their  oxides,  which  arc  found 
m  nature. 

The  metals  are  often  found  in  saline  combinationH.  in  the  form 
of  chlorides,  carbonates,  sulphates,  phosphaten,  and  silicates. 

We  can  only  indicate  here  in  a  very  general  manner  the 
methods  by  the  aid  of  which  the  metals  are  extracted  from 
their  combinations. 

If  a  metal  is  to  be  obtained  from  its  oxide,  the  latter  is 
reduced  by  charcoal  at  a  high  temperature. 

If  the  ore  be  a  sulphide,  it  is  first  roa.sted,  that  is,  heated  in 
contact  with  the  air.  The  oxygen  of  the  air  then  acts  upon 
the  sulphur,  which  is  disengaged  in  the  form  of  sulphurous 
oxide,  and  upon  the  metal,  which  remains  in  the  form  of  oxide; 
the  latter  is  afterwards  reduced  by  charcoal. 

The  metals  are  sometimes  obtained  from  their  chlorides  by 
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heating  the  latter  with  sodium,  which  combines  with  the  dlo- 
rine,  forming  sodium  chloride. 

ALLOYS. 

The  combinations  of  the  metals  with  each  other  are  called 
alloys ;  amalgams  are  the  alloys  formed  by  mercury.  These 
combinations  take  place  with  the  production  of  heat. 

If  a  small  quantity  of  mercury  be  heated  in  a  crucible  or  a 
capsule,  and  a  morsel  of  sodium  be  thrown  into  it,  the  latter 
dissolves  instantly  with  a  hissing  noise,  which  indicates  the 
disengagement  of  heat. 

By  employing  the  proper  proportions  of  mercury  and  ao- 
dium,  the  alloy  may  be  obtained  in  crystals  possessing  a  definite 
composition. 

Crystalline  combinations  of  zinc  and  antimony  are  known. 
The  most  interesting,  Sb^Zn',  contains  two  atoms  of  antimony 
for  three  atoms  of  zinc. 

It  is  necessary  to  state  that  more  generally  the  alloys  do  not 
present  the  characters  of  definite  compounds.  The  metals  seem 
to  alloy  each  other  in  all  proportions,  forming  mixtures  which 
are  more  or  less  homogeneous;  but  this  Ls  only  in  appearance, 
and  it  must  be  adinitt<?d  that  one  or  more  compounds  exist  in 
such  a  mixture,  reinaiuinji;  dissolved  in  each  other,  or  mixed 
with  the  excess  of  one  of  the  metals.  Such  a  mixture  would 
form  a  sensibly  homoireiieous  ma«s,  especially  when  the  molten 
mixtiirtj  had  boiMi  siuldorily  cooled.  But  if  the  cooling  be  slow, 
it  may  happen  that  the  less  fusible  definite  compoundis  separate 
from  the  mixture  in  the  crystalline  form,  leaving  the  more 
fusible  compounds  which  still  remain  liquid.  Such  a  septfa^ 
tion  otlcn  takes  place  in  large  masses  of  melted  alloys  which 
are  allowed  to  cool  slowly.  The  process  is  called  Uquo^^ 
and  it  may  be  readily  conceived  that  the  alloys  so  cooled  are 
far  from  honiogiMiooiis  in  composition  after  their  solidification. 

Reciprocally,  when  a  nijiss  composed  of  a  mixture  of  metius 
and  alloys  is  slowly  heat<^d,  the  more  fusible  assume  the  liq^d 
state  first,  and  separate  from  the  others. 

This  difference  between  the  fusing-points  of  the  various  defi- 
nite compounds  which  may  exist  in  an  alloy  is  taken  advantage 
of  in  the  arts  for  their  separation. 

Alloys  are  generally  more  fusible  than  the  most  fusible  of 
their  component  metals. 
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METALLIC  OXIDES  AND   HYDRATES. 

Formation  of  Metallic  Oxides. — The  metals  absorb  oxyge^ 
with  very  unequal  energy.  Many  of  them  become  oxidue^ 
when  exposed  to  the  air  at  temperatures  more  or  less  elevatei  - 
In  this  respect  it  is  important  to  distinguish  the  action  of  drV' 
air  from  that  of  moist  air. 

Potiu^^ium  is  the  only  metal  that  absorbs  dry  oxygen  at  ordi- 
nary temperatures.     All  of  the  other  metals,  with  the  excep- 
tion of  silver,  ^old,  and  platinum,  only  become  oxidized  in  the 
air  at  very  high  temj>erature8.     3Ielted  lead  absorbs  oxygen. 
Mercury  becomes  oxidized  at  about  350° ;  copper  at  a  dull-red 
heat. 

The  combination  often  takes  place  with  the  production  of 
luminous  heat.  Iron  bums  in  oxygen,  but  it  is  necessary  that 
the  metal  be  lirst  heated  to  bright  redness  that  the  combustion 
may  take  place. 

However,  the  finely-divided  iron  that  is  obtained  by  reducinj: 
oxide  of  iron  in  a  current  of  hydrogen  at  a  comparatively  low 
temperature,  will  take  lire  when  exposed  to  the  air  at  ordi- 
nary temperatures.  It  is  pyrophoric,  and  the  fine  state  of 
division  ot*  the  metal  favors  the  oxidation.  If  the  powder  be 
projecti'd  into  the  air,  each  particle  takes  fire  and  bums  with  a 
bright  flash. 

A  bright  sheet  of  iron  will  indefinitely  preserve  its  brilliant 
surface  in  dry  air,  but  if  a  drop  of  water  be  placed  upon  it.  or 
if  it  be  cxposi'd  to  the  action  of  a  moist  atmosphere,  rust  maka< 
its  aj)i)earance  in  a  short  time.  This  rust  is  ferric  hydrate, 
for  the  metal  has  at  the  same  time  absorbed  oxygen  and 
water. 

It  is  generally  admitted  that  it  is  the  oxygen  of  the  air  dis- 
solved in  the  water  that  first  fixes  upon  the  metal,  and  that 
the  combination  is  favored  }»y  the  presence  of  carbon  dioxide. 
However  it  may  be.  the  spot  of  nist  once  formed  constitutes  a 
Voltaic  couple  with  the  iron  itself,  and  the  current  so  estab- 
lished deirompoises  the  water.  The  oxidation  then  proceed* 
rapidly,  the  oxygen  of  the  decomposed  water  combining  with 
the  metal. 

It  is  possible  that  hydrogen  dioxide  may  play  a  part  in  oxi- 
dations ;  it  may  be  formed  as  a  secondary  proauct  during  the 
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(tDSS   AND   DTDRATSS. 


deoimpoation  of  ihe  wiU«r,  and  fix  direatly  npoa  the  met 

Kljng  ihem  into  hydraics  (Weltwen). 
Inn.       U7drng*o  dlDihlF.       Verrlo  bplna 
Mg    +      H'O"     =     MpO'H' 
■ 
1 


ideed,  tiia  usitJiUton  of  motuh  ii 


nlwayB  produces 


imposition  and  Claanfloation  of  the  Oxides. — It  has 

already  Iwen  rotunrked  that  the  laetals  differ  aa  to  the  number 
of  oiy^tii  niinns  witb  which  thej  combine;  btaidcs  this,  the 
Hune  lueuJ  niay  tiirui  severaJ  ctiutpounds  with  uiygen  ;  differ- 
ent degrees  of  osidttlion.  Hence  the  osides  present  different 
cumpositionH,  and  the  differences  are  importaul,  siuoe  they  czor- 
dw  a  marked  influence  upon  the  propejties  of  the  oompoundB, 
1.  Certain  oxides  present  the  name  atomic  cuntlitulion  ao 
waller.  Two  atoms  of  metjd  are  combined  with  one  uUim  of  _J 
usygeo, 

R'O  |inU«tiuin  "lidi-. 


"fo 


StK)  •adluiD  ui 
Li'O  lithium  oKidtt. 
Tl'O  ibAlliuni  i»idB. 
Ae*0  tlWer  oiida. 

One  atom  of  certain  metals  wui  combine  with  n 
oxygen  ;  the  osidce  of  the  general  formula  MO  result. 


BftO  bitrtun 
BrOit 


le  metallic  oxides  cnulultiiij^  but  one  atom  of  oxyt^n  are 
imnirally  t-nenielio  baacd ;  thai  h.  tlioy  react  energetieally  with 
the  lu-icin,  fiinuiu;;  MUt&   They  are  «omatuue«  called  basic  oxidea. 
3.  Th."  KKgvwjride*  are  thow  whi.-h  eoiitain  two  aloiUM  of 
I  utd  tlim!  aiontH  of  uxycen,     Suuh  ia  antimony  oxide, 
u  already  hceu  Ktudied ;  the  iisideaofbiEmuth,  gold,  etc., 
mt  nu  ansleguus  uuio|iiwitiuu. 


242  SLEHENT8  OF  MODERN  0HSMI8KBT. 

Sb>0*  antimony  8«M|niozlde. 
Bi'O"  biBmnth  sesqaioxide. 
An'O*  gold  ■ciqnioxide. 

Fe>0>  ferrio  oxide. 
Mn'C  muiganio  oxide. 
CrSO"  obromio  oxide. 
Al'O^  aluminium  oxide. 

4.  A  large  number  of  oxides  contain  two  atoniB  of  oxjgen. 

BaC  barium  dioxide. 
8rO'  strontium  dioxide. 
MnC  manganese  dioxide. 
PbO*^  lead  dioxide. 

8nO'  stannic  oxide. 

The  first  four  dioxides  are  incapable  of  uniting  with  acids  to 
form  corresponding  salts.  Dumas  called  them  sin^kur  oxid». 
When  manganese  dioxide  is  heated  with  sulphuric  acid,  oxygen 
is  disengaged;  and  manganous  sulphate  is  formed,  which  corre- 
sponds not  to  the  dioxide,  but  to  manganous  oxide. 

H'SO     +       MnO«      =      MnSO     -(-     H*0    +   0 

Sulphuric  acid.    Mauganesc  dioxide.    Bfanganous  sulphate. 

Under  the  same  circumstances,  the  other  singular  oxides  act 
in  the  same  manner. 

As  to  stannic  oxide,  it  is  the  anhydride  of  a  metallic  add. 

SnO»  +  H'O  =  H«SnO» 

Stannic  add. 

5.  The  oxides  wliich  contain  three  atoms  of  oxygen  possess 
acid  characters  still  more  marked  than  stannic  oxide.  Man- 
ganese trioxide,  MnO'',  is  known.  Ferric  and  chromic  anhy- 
drides present  the  same  composition. 

MdO'  manganese  trioxide,  or  manganic  anhydride. 
CrO'' chromium  trioxide,  or  obromio  anhydride. 
FeO'  iron  trioxide,  or  I'erric  anhydride. 

6.  There  is  a  cIjlss  of  oxides  still  more  complex  than  th« 
preceding;  they  can  be  regarded  as  formed  by  the  union  of 
two  oxides,  and  they  have  been  named  saline  oxides.    Such  are 

Manganogo-manganic  oxide  Mn'O*  --  Mn'O*  -f  MnO,  or  red  oxide  oi 

manganese. 
Diplumboso-plumbic  oxide  Pb-^'O*  -=  PbO*  +  2PbO,  or  red  oxide  of  leii- 

The  first  contains  one  molecule  of  a  sesquioxide,  combine* 
with  one  molecule  of  a  monoxide ;  the  second,  one  molecule  of  ^ 
dioxide  and  two  molecules  of  a  monoxide. 


METALLIC  OXIDES. 

Chemieal  Properties  of  the  Ondes. — Some  of  the  oxides 
ire  fiscd,  that  is.  undfconipiisable  by  heal;  olhers  lose  th« 
whole  or  a  part  of  iheir  oxygen  itt  teniperntures  more  or  less 
Fivvued.  The  oxides  of  the  noble  metals,  audi  as  silver,  gold, 
ind  platinnm,  ore  decomposed  by  hent  cJone  into  metal  and 
iiiT^R.  We  have  seen  thftt  meTcurio  oxide  is  demmposed  by 
t  duU-Rid  hcst.  Many  of  the  oxides  that  i.'ontain  two  or  throe 
Moms  of  oxygen  lose  a  part  of  the  Uttsr  element  when  beat«d 
ii  rednc«>.  Snch  arc  the  dioxides  of  manganese,  lead,  and 
hiriiim. 

The  oxidca  containing  bat  one  atom  of  oxygen  are  among 
ihe  most  Mable.  Somu  of  them  afciwrb  oiygen  when  they  are 
he*t«l  ill  contact  with  air,  forming  higlier  oxides.  Among 
ih«ee  are  mHUgiuiouB,  ferrous,  plmiil)"!!^,  and  stannous  oxidwilf" 

Uyilro^m  redtioca  the  greater  Dumber  of  the  oxides  at  t 
pentiuvH  mure  or  less  elevated ;  wnber  is  formed,  and  the  met 
is  art  al  Uherty. 

If  a  cnrrcnl  of  dry  hydro^n  bo  passed  over  ferric  oxide 
healed  in  a  glass  hiUb  (Fi^.  92),  the  oxide  b  reduced,  and  a 


iilwl:  |X)wder  is  obulned  which  is  finely  divided  and  pyropho- 
"f  inm.     Vapor  of  water  uswipea  at  the  same  time  by  the 
_tatn-oi  ..... 


t  point  of  the  bulb. 


^  311'  =  3H=0  -f  2Fe 
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The  forrio  oxide  may  be  leplioed  by  camio  oxide,  OaO.  If 
ibis  oxide  be  beated  in  a  emrent  of  byorogen,  it  is  ledooed, 
and  ibe  action  is  so  energetic  tbat  it  giyes  nae  to  the  pirodofl- 
tion  of  luminous  beat. 

Carbon  reduces  the  greater  number  of  the  oxides  with  fer- 
mation  of  either  carbon  dioxide  or  mcmoxide.  It  is  even  more 
energetic  in  its  action  than  hydrogen,  for  it  decomposes  oxidei 
which  are  irreducible  by  the  latter  element,  such  as  those  of 
potassium  and  sodium.  The  oxides  of  calcium,  barium,  staron- 
tium,  magnesium,  and  aluminium  are  irreducible  by  oazbon. 
The  other  oxides  require  for  reduction  a  temperatoie  more  or 
less  elevated,  according  to  the  force  with  which  they  retiii 
their  oxygen.  If  the  reduction  be  difficult,  a  hieh  temperatore 
is  requir^,  and  carbon  monoxide  is  formed;  o^erwise  carixiB 
dioxide  is  the  product. 

A  small  quantity  of  cupric  oxide  may  be  reduced  by  dur- 


Fio.  98. 


I 

a 
i 


coal  by  heating  the  mixture  in  a  glass  tube  by  the  aid  of  > 
spirit-lamp  (Fig.  93).     Carbon  dioxide  is  dii 


2CuO  +  c  =  2Cu  +  cxy 

Capric  oxide.  Oopper. 

But  to  reduce  zinc  oxide  by  charcoal,  the  mixture  most  bo 


Iieated  to  bright  redoess  in  a  cU;  or  iron  retort,  and  in  this 
nse  OLrbon  munoside  is  evolved. 

Zn  -1-  CO 


CUorfite  deoutnposcs  Dearly  all  of  the  oxides  at  a  big;li  teni- 
^ntDK.  It  drivee  out  the  oxj^n  and  combints  with  the 
Qjvul.  funuing  a  L-hluride.  Some  ut'the  oxidi^  are  irreducible 
lij  vHrUin,  and  resist  alao  the  action  of  Lhlorine.  8ui'b  an 
uiiil«  is  aluminitim  oxide,  or  alumina.  But  if  theee  oxidctt 
bf  Htbmitted  to  the  simultaneotu  action  of  ebloriue  and  carbon 
tt  1  high  teuipcrature,  they  are  converted  into  chloridts,  and 
carbun  monoxide  ie  disengaged. 

Ad  intimate  mixture  of  uluniinn  and  charcual  may  be  intru- 
ihced  into  a  porcelain  tube,  BB  (Fig,  94  j,  which  in  heated  l« 


",5tJVn»-/ 


Waht  rednesw,  and  a  eiirrerit  uf  dry  thlnniii;  llii'n  [liL^^L-d 
ihranwh.  In  this  case,  carbon  monoxide  is  disengaged,  while 
"Inniiniuin  chloride  is  funned  and  volaliliKes  and  may  be  eon- 
iiiBtti  in  a  cooled  receiver. 

Sulphur  decompoiBF  all  of  the  oxides  except  alumina  and  its 
>M^:nes.  The  reaction  takes  place  at  ii  hiph  temperature. 
•M  gives  rise  to  the  formation  of  a  sulphide  and  Bulpbnrous 
I  '•lidc,  or  a  sulphide  and  a  sulphate  if  the  latter  be  not  decDin- 
pmble  by  heat. 


21" 
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If  sulphur  be  heated  with  cupric  oxide,  cuprio  eiilp&Ui  ii 
formed  and  sulphurous  oxide  is  OTolved. 

2CuO     +     3S     ^     2CuS     +     SO' 

Oopiic  oEitlg.  Oupi-fc  •nlpbidii. 

However,  if  calcium  oxide  (lime)  or  lend  oxide,  PW),be 
lieated  with  sulphur,  a  sulphate  and  a  sulphide  are  fonaei 
4UaO     +     2S'     ^     3CaS     +     CaSO* 

Action  of  Vater  npon  the  Oxidn— HetaiUo  Hydntd 
and  Acida. — 11'  some  fragmeutB  of  barium  oxide  (baijti)be 
sprinkled  with  cold  water,  an  cnoi^etic  reaction  iounediite^ 
takes  place.  The  water  unites  with  the  metallic  oiide  wilt  w 
much  enei^  that  the  heat  disengaged  is  sufficient  to  connrt 
a  portion  of  the  water  into  vapor.  The  barium  oxide  is  on- 
verted  into  hydrate. 

BaO     +     H'O    =     Ba(OH)' 

'  Buriiim  oildo.  Buiiim  liydnM. 

In  the  same  manner,  the  oxidea  of  potjiasium  and  goJIimi 
enei^etically  absorb  the  elements  of  water,  being  coorerUa 
inte  hydrates. 

K'O     +     H'O    =    2K0n 

PatuiiDm  aitdg.  FatMiinin  hjdtMs. 

The  hydrat«s  of  potassium  and  sodium  ore  soluble  in  *■'*' 
and  their  solutions  are  caustic,  changing  tincture  of  violet  W 
a  green  color  and  restoring  the  blue  color  to  reddened  liQBV 
solution.     These  hydrates  constitute  the  alkalies. 

The  hydrates  of  barium,  strontium,  and  calcium  are  Kb*!* 
soluble  in  water  to  a  certain  extent,  and  their  solutions  tn  ■!■ 
somewhat  caustic. 

Other  hydrates  are  insoluble ;  they  may  be  obtained  by  douK< 
decomposition  by  precipitating  the  corresponding  salts  with  W 
alkali. 

If  a  solution  of  potassium  liydrat«  be  poured  inte  a  soldW" 
of  cupric  sulphate,  a  Hght-blue  precipitate  of  cuprio  hydnOe  i« 


CuSO*      +      2K0H      = 

Cupric  ml  phUs.         PoUbIuiii  liydraic.    Pol 

But  if  this  precipitate  be  hei 
which  it  was  formed,  it  changes  brown,  and 
oxide  by  losing  its  waler. 

Cu(OH)'  —  H'O  ^  CuO 


K'SO*      +      CVOHl' 


in   the   liquid  !■>    i 
is  oonvertid  iBWj 


A  great  namber  uf  metallic  hydrates  undergo  the  aame 
decomponilion  when  they  are  heated. 

There  are  true  metallic  acids  which  contain  the  elements  of 
an  oxide  plus  the  elements  of  water.      Such  ar« 
H'CrO-     ^     CW)'     +     U'O 
H'MnO*     ^     MnO"     +     H'O 

Mugulc  icid.   HincuniK  Iriinlile. 

Ab  far  na  their  conatitation  is  cuiicemed,  thivK  metallic  acids 
may  be  compared  to  aulphuric  acid. 

H'SO*  =  SO"  +  ffO 

They  also  resemble  sulphuric  acid  iu  their  chemical  fiino- 
lions;  each  contains  two  atoms  of  basic  hydrogen,  that  is,  two 
tXaom  of  hydru^eu  which  arc  replaceable  by  a  metal. 


SULPHIDES. 

Sulphur  has  a  great  tendency  to  unite  with  the  metals,  and 
the  union  often  takes  place  with  a  vivid  evolution  of  heat, 
f^!i[>er-luniing8  and  iron-filings  burn  iu  the  vapor  of  sulphur. 
The  phenomena  which  favor  or  determine,  and  thcwe  which 
accompany  tins  combination,  have  alrAdy  been  indicated,  and 
we  have  seen  that  the  presence  of  a  small  quantity  of  water 
fcfors  chemical  union  in  a  mixture  of  snlphur  and  iron-filings. 

Certun  metals,  such  as  aluminium,  zinc,  and  gold,  resist  the 
Vition  of  sulphur  even  at  high  temperatures. 

In  composition  the  sulphides  are  analogous  to  the  oxides. 

The  more  important  of  the  transfonuations  which  they  may 
undergo  are  the  following: 

(k^gen  decomposes  all  of  the  sulphides  at  a  temperature 

more  or  leas  elevated. 

I       Finely-divided  potassium  sulphide,  obtained  by  calcining  the 

mlphate  with  an  excess  of  charcoal,  is  a  black  powder,  but  it 

iwomea  incandescent  on  contact  with  oxygen,  and  if  thrown 

Wn  the  air  it  produces  a  shower  of  sparks.     It  is  known  as 

I  mj-I^ueac'a  pyrophorus.     Its  fine  state  of  division  favors  the 

Amptioa  of  oxygen,  and  the  latter  converts  it  into  sulphate. 

K'S     -(-     O     =     K'SO 

Patwilum  iDltdilds,  PaUBJiim  inlpbut. 

Oiy  oxygen  ads  in  the  same  manner  upon  all  the  snlphideB 
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when  the  corresponding  sulphates  are  stable  at  high  temp^a- 
tures.  In  the  contrary  case,  sulphurous  oxide  is  formed,  and 
a  residue  of  oxide  or  even  of  metal  is  obtained,  if  the  oxide  be 
decomposable  by  heat. 

If  zinc  sulphide  be  roasted,  it  is  converted  into  zinc  oxide, 
and  sulphurous  oxide  is  evolyed ;  but  if  sulphide  of  mercarj 
be  heated  in  a  current  of  air,  metallic  mercury  b  obtained. 

HgS     +    O*    =    Hg     +     S0» 

M«rcaric  lulphide.  Mercary. 

Moist  oxygen  acts  upon  the  sulphides  more  readily  than  tke 
dry  gas.  It  unites  with  them  at  ordinary  temperatures,  form- 
ing sulphates. 

FeS     +     O*    =    FeSO* 

Sulphide  of  iron.  Ferrou  milpliftto. 

Chhn'ne  attacks  all  of  the  sulphides,  forming  metallic  dilo- 
rid^s  and  sulphur  chloride,  if  the  dry  method  be  employed,  or 
with  deposition  of  sulphur  if  the  reaction  take  place  in  presence 
of  water. 

Wafer  dissolves  the  alkaline  sulphides  as  well  as  those  of  cal- 
cium, barium,  and  strontium ;  the  sulphides  of  the  other  metab 
are  insoluble  in  water. 

Hydrogen  sul]>hi(le  combines  with  certain  sulphides,  convert^ 
ing  them  into  sulphyd rates.  The  analogy  will  be  noticed  be- 
tween this  reaction  and  that  of  water  upon  the  oxides. 

K^S     +     H»S    =    2KSH 

Potassium  sulphide.  Potassium  sulphjrdrato. 

K^O    +     H'O    =    2K0H 

Potassium  oxide.  PotassiniQ  bjrdnte. 

CHLORIDES. 

Chlorine,  bromine,  and  iodine  form  with  the  metals  eom- 
pounds  which  possess  the  appearance  and  certain  properties  of 
salts.  Indeed,  common  salt,  or  sodium  chloride,  has  given  tbe 
name  to  the  entire  class  of  saline  compounds.  Hence  Bene- 
lius  named  chlorine,  bromine,  and  iodine  the  halogen  bodies* 
and  called  their  combinations  with  the  metals  the  haloid  9»^ 
Thus  he  admitted  the  relation  between  these  compounds  and 
the  true  salts,  while  at  the  same  time  distinguishing  them  byi 
particular  name,  for  while  they  resemble  the  salts  in  their  prop- 
erties, they  differ  from  them  in  composition.  Thia  subject  WiB 
be  more  fully  considered  farther  on. 


CHLOalDES. 

ComporitioiL — All  'if  the  mctola,  with  th«  exceptkni  of  ji! 
mam,  loml^ine  direcllir  "it'll  ^ree  chlnrinL',  t>ut  fJl  do  not  c 
bine  with  it  in  the  wimo  Hlomic  prvportiuiis,  and  often  the  i 
metal  funus  8i>veni]  distinct  ccrabtniitions  with  this  elei 
Ucnru  the  diffiTenoM  in   the  composition  of  the  t 
'thvj  nre  formed  by  tho  union  of  so  atom  of  metal  with  o 
two.  thrue,  four,  five,  or  six  atoms  of  chloriac. 

KCI       CnCP        SLOP        SnO*  SbCT  MoCl* 

Cuoaiiuni      (klriiru        Amlmon]'            Ttn                Aniltnon)'       HolrbdMinin 
cbleri*L       clilortJe.      trtcWoHa*.    tatnahlorlik.    poBUxdilatlde.    ■ •■■--"- 

SaCI      FeCl'         BiCl»         TiCM 

SdiUaiii      r«mu  RMBiiIh        Tlunlum 

fbluilAr-.    dilurtil*.       trtchlurlilK    inincliloclrla, 

AeOI      ZnCP        AuOl'        PlCI' 


To  these  tdilnridtn  miut  In;  lulded  ihutM  which  are  fonuel  } 
br  thv  imion  uf  twu  uttimn  of  metal  with  two  or  aix  aUuus  at-  m 


br  tttt 
^nMnriiK 

Bcupr 


Ca'CI'  AI'Cl' 

iproua  gbluilda.  Alitnlniiim  i^lilorlik. 

HgHJi'  CVTI* 

Fe'Cl' 


Cupr'iU?  i;lil»ridi!  and  luercuroUH  chloride  conlaiii  for  th«  1 
same  iiaaotity  of  chlurine  twice  na  much  mutal  um  eupriu  cbloi  I 
ride,  CuOr,  tuid  mercuric  chloride,  11^(^1'-  J 

In  the  fiwi,  two  atoms  of  oop]>cr  or  mert-ury  arc  (.'amhiiiBtf''l 
luf^ther  to  Hx  two  atoms  of  chlorine,  and  these  two  atoms  q£  *■ 
metal  rDntaiu  thus  associatMl  in  all  the  i-iiprous  and  mcrcuroof  .4 
<ioiu|M>uiMLt.  U  ix  the  name  iu  thu  ohloride  of  aluminium,  anlij 
in  chromic  a»d  f«rriu  chturid«H.  Each  of  them  contains  Vw^M 
■timiH  of  metal  inliDiutely  uitsociat«d,  and  combined  us  a  wholaT 
viith  «ix  ul.-UH  of  ohloriue.  I 

The  wuuu  mt-'Ul  mity  form  seveTBl  comtiinations  with  chlorine.  I 

mbion  wllh  one  or  ilinx  ituiiM  nf  cbloHno. 


1  Propertiei  of  the  Chloiidea, — Mont  of  the  chlo- 
Jid  iitid  piMwena  the  iiHpeet.  color,  and  physical  prop- 

ertin  of  the  salts  uf  the  same  mctnl,    Nearly  all  are  er}'stulline  . 

and  soUibU  in  water.    Only  the  diloride  of  mlver,  Dwrvuroni  f 
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and  caprooB  chlorides  are  ioBoloble ;  plambic  chloride  and  thai- 
Ions  chloride  are  but  slightly  soluble  in  water. 

Certain  metallic  chlorides  are  liquid  at  ordinary  tcmpn- 
turee.  Such  ore  the  tetrachlorides  of  tin  and  titanium,  Snme, 
like  the  chlorides  of  zioo  and  buunuth,  ure  aolid,  but  fiuible  it 
low  temperatures.  These  latter  were  ibrmeriy  deagnaUd  « 
metallic  butters. 

MiMt  of  the  chlorides  are  fueibk  at  high  temperatures,  uii 
many  of  them  are  volatile  and  can  be  distilled  without  alien- 
tion.  It  is  thus  with  the  liquid  chlorides,  with  the  chlondiK 
of  line,  bismuth,  mercury,  etc. 

Chemical  Propertiea. — Aa  a  rule,  the  chlorides  are  very 
stable.  Only  the  t-hloridea  of  certain  of  the  iirttioaa  nwtils, 
aa  those  of  g()ld  and  platinum,  are  entirely  decomposwl  bj» 
high  temperature.  Some  of  the  higher  chlorides  lose  cWoriw 
when  calcined,  and  are  converted  into  lower  chlorides.  Thm, 
cupric  chloride  is  converted  into  cuprous  chloride  when  heiud 
out  of  contact  with  air. 

A  great  number  of  the  chloridts  are  reduced  when  thejut 
heated  in  a  current  of  hydrogen.  In  lhh<  caae,  hydrochloric 
acid  ia  disengaged,  and  the  metal  remains.  Thus,  hydrogen 
removes  the  chlorine  from  the  chlorides  of  silver  and  iren. 
These  decompositionB  are  determined  by  the  powerful  affiiiilj 
of  chlorine  for  hydrt^n. 

The  action  of  the  roctols  upon  the  chlorides  givee  lift  to 
interesting  phenomena  which  are  worthy  of  study. 

If  corroMive  sublimate,  which  is  mercuric  chloride,  be  n 
with  powdered  tin  and  the  mixture  be  heated  in  a  small  |fav 
retort  provided  with  a  receiver,  a  liquid  will  soon  collect  in  llx 
latter  which  diffuses  thick  vapors  in  the  air.  It  is  the  tell* 
chloride  of  tin,  called  by  the  ancient  chemists  "  turning  liquff 
of  Libaviufl."  It  is  formed  by  the  decomposition  of  thti  la  " 
curie  chloride,  which  gives  its  chlorine  to  the  tin,  mda 
mercury  being  at  the  same  time  set  fVeo. 

Bismuth  decomposes  mercuric  chloride  in  the  same  man: 
when  the  two  substances  are  heal«d  together.  These  DXftn- 
mente  are  conducted  in  the  dry  way.  They  may  he  m»M**^ 
by  operating  in  the  presence  of  water,  in  which  we  have  re- 
marked that  most  of  the  chlorides  are  soluble;  it  ut  thoB  witt> 
mercuric  chloride. 

If  a  plate  of  copper  be  plunged  into  a  solatjon  of  this  body* 
it  at  once  becomes  covered  with  a  layer  of  metallic  meictDT-  | 


That  metal  is  disphax'd  fnjiii  it.>  coiiibiiiaiidn  hy  the  (<.p|i(r. 
which  combines  with  the  chlorine:  cupric  chloride  in  I'ornied, 
and  after  the  lapse  of  some  time,  the  liquid  will  contain  only 
that  compoiind.  It  becomes  green,  and  if  a  plate  of  zinc  be 
lounged  into  it,  the  copper  will  be  precipitated  in  its  turn,  and 
the  zinc  will  combine  with  the  chlorine  and  enter  the  solution ; 
the  liquid  then  contains  zinc  chloride. 

Thus,  the  metals  reciprocally  displace  each  other  from  their 
solutions,  according  to  the  energy  of  their  affinities.  In  thirt 
case  it  is  the  possession  of  the  chlorine  for  which  they  antago- 
nize each  other,  the  stronger  driving  out  the  weaker.  It  must 
be  remarked  that  in  this  respect  the  chlorides  behave  in  the 
aune  manner  as  the  oxygen  salts. 

This  analogy  is  continued  in  innumerable  reactions.  Solu- 
tions of  the  chlorides  enter  into  double  decompositions  like 
Bohtions  of  the  true  salts.  If  potassium  hydrate  be  added  to 
a  solution  of  either  cupric  sulphate  or  cupric  chloride,  in  each 
ease  a  light-blue  precipitate  of  cupric  hydrate  is  obtained. 

CuSO*    +     2K0H    =    K*SO    +     Cu(OH)* 

G^prie  ralphate.    PotaMiam  hydrate.  Pofaarium  milpbato.    Cupric  hydrate. 

CuCl*    +     2K0H    =    2KC1     +     Cu(OH)« 

Capric  chloride.  Potanium  chloride. 

But  cupric  chloride  resembles  the  sulphate  in  still  another 
property.  When  perfectly  pure  it  is  yellowish.  If  it  be  moist- 
oied  with  water,  it  becomes  heated  and  asHumes  a  green  color. 
It  has  combined  with  water,  and  will  dissolve  if  enough  of  that 
fcjnid  be  added.  A  green  liquor  is  thus  obtained,  which  de- 
poats,  by  spontaneous  evaporation,  nia<mificent  ^een  prisms. 
These  crystals  are  hydrated  cupric  chloride.  They  contain 
titer  of  crystallization,  and  can  only  exist  on  that  condition. 
It  is  the  same  with  the  crystals  of  cupric  .sulphate. 

Thus,  certain  chlorides  are  capable  of  taking  water  of  crys- 
tallization like  the  true  salts. 

We  may  complete  the  analogy  by  one  more  characteristic. 

1.  If  a  solution  of  aluminium  sulphate  be  added  to  a  con- 
^trated  solution  of  potassium  sulphate,  and  the  mixture  be 
igitated,  an  abundant  crystalline  deposit  is  obtained.  This  is 
t  doable  salt, — potassium  and  aluminium  sulphate,  or  alum. 

2.  If  a  solution  of  platinic  chloride  be  added  to  a  concen- 
tnted  solution  of  potassium  chloride,  a  yellow  precipitate  is 
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formed  at  once.  It  is  the  double  chloride  of  poUaaium  vA 
ptattnum,  which  contaioa  all  of  the  elemi^ts  at  cno  molecules 
of  potassium  chloride  and  one  molecule  of  plalioic  chlnride. 
This  exiunple  »hi>ws  that  the  chlorides  can  comhine  ti^her, 
forming  double  chlorides,  just  aa  the  true  salts  may  uoinbiDe 
tflgetber  to  form  double  salts. 


SALTS. 

DeflnitiotL — The  salts  are  formed  by  the  subfltitnlioB  of 
metal  for  the  hydrogen  of  the  acids,  and  they  result  from  dw 
action  of  the  acids  upon  the  metallic  oxides  or  hydrates.  The 
namu  acid  applies  to  two  elassca  of  compuunJs:  the  first  in 
formed  by  the  union  of  hydrofien  with  a  tilroDgly  elettro-nsfw- 
tive  element,  such  as  chlorine  or  hp)mino;  these  iircllMA|i- 
dradd*.  Such  are  hydrouhtorio  acid,  HCI,  and  hydrolmu" 
acid,  HBr. 

The  acida  of  the  other  cIhss  are  more  complicated,  couttit- 
ing  hydrogen  united  with  a  strongly  electro-negative  oiidiiM 
group,  that  is,  a  group  of  atoms  formed  by  oxygen  and  anotkff 
element;  these  are  the  oxact'iU.  Such  are  nitric  add.  HNCi 
and  aulphuric  acid,  H'SO'. 

These  two  classes  of  ac-ids  behave  in  the  same  manner  i» 
ooatact  with  bases,  that  ia,  with  metallic  oxides  or  hydnltf- 

1.  If  hydrochloric  acid  be  gradaally  added  to  a  concentnKd 
solution  of  potassium  hydrate,  the  liijuid  becomes  beiU'l' 
and,  OS  it  is  neutralised  by  the  acid,  a  white  crvstalline  de- 
posit separates  and  augments  on  cooling ;  it  is  poUW'' 
chloride. 

2.  If  sulphuric  acid  dilut^>d  with  its  volume  of  waW  Ix 
cautiously  and  gradually  added  to  a  concentrated  solu^on  i^ 
potassium  hydrate,  the  liquid  becomes  heated,  and,  at  it  ■• 
neutralised  by  the  acid,  a  white  crystalline  deposit  Bap»i»W 
and  increases  on  cooling ;  it  is  potassium  sulphate. 

The  analogy  between  the  two  reactions  is  marked.  In  e** 
case  a  powerful  base,  potassium  hydrate,  has  been  neutnEu^ 
by  an  energetic  acid ;  the  reaction  baa  been  accompanied  by 
the  production  of  heat,  and  has  given  rise  to  the  fonasU)' 
of  a  saline  matter  which  has  been  deposited.  The  part  of  th« 
renclion  which  is  invisible  is  the  formation  of  water.  Thi» 
formation  of  water,  which  always  acoompanics  the  generation 


*1,TK. 


of  a  nit  in  tlie  ordinary  mnnncrs, 
equations: 

KOU       +     HU    = 

Potaailiin  ti/dnii». 

2K0n  +  H'SO 


=      KCl      +     ll'O 
K'So"    +  2H'0 


Theee  reactinn-t,  it  will  Iw  aeun,  consist  in  uii  intorchange  of 
(JeiuenU,  a  duablu  iliiLi>mpotuliun.  Tht>  hydrogen  of  die  acid 
is  csi-hnn^'d  ft>r  tbu  mcM  of  tliu  poto^ijiiim  hydrate  nod  by 
iim  fxchuiigc  llie  [H)U8siuni  liyilrate  id  uiiDVorted  into  wat«r, 
while  the  acid,  thul  ia,  llie  salt  of  hydrogCD,  is  converted  into  it 
«i]t  (if  p4itus9iitu.  .\ll  hydrogen  compounds  capable  of  tlius 
cichiintpng  tliinr  hydriijfcn  tor  an  equivaleutquantity  of  metal, 
fin  the  fnuetiuns  nf  adds,  and  tlicse  acids  becunie  salts  when 
their  bydrogoH  is  ihas  replaced  by  a  luetal.  It  may  then  be 
seeu  whiit  !in  importAut  part  hydrogeu  plays  in  the  fbrmatiou 
of  saliD.  From  wheuue  Ltimcs  tJiU  jiropurty,  iliin  cajiacity  iur 
auch  ftsubau)^,  aud  i>f  rpplaoeinetit  b^  luctuls?  \Vlth<mt 
doubt  IrDin  ibe  (.■lament  or  gruup  with  whitli  the  bydrogi-n  is 
unit«il  in  the  abids;  and  in  tliis  respect,  chlimim  aud  sulphur 
play  the  sumo  parts  ia  hydrochloric  and  aulphydrie  nciilM  that 
osidi;Kd  groups  play  in  nitric,  sulpliuric,  and  phosphi 


t 


nci 

Bjilntblrprlc  vqJO 

Hi  NO") 


H'a 

Siilvbrdrli-  HTM. 
Hnlpliu. 


mpc) 


UiCW)  H'(S<»  H\PO 

SiIhtUhIiL  Siilplinrtc  neld.  PbaqilKirfi! 

Thin  pruperty  is  characterized  hy  sayiag  that  the  i^iements 
gronps,  tn  which  the  hydnigeii  in  unittHi,  are  atronpty  i-lectn 
Iitgative,  nr  uetd,  in  oppoMilion  to  the  hydrtJfien,  which  is 
iply  electro-positive,  or  linn'e. 

'iien  such  Du  acid  reacts  uprin  an  itxidu,  or  ujHin  u  hydrate, 
it«rchAnge  of  elements  takos  place,  and  a  ealt  and  water 
i :  tho  latter  is  a  ronstant  product  necessary  t>i  the 
Other  ciamplcs  mny  be  added  to  those  iilready  given. 
rtent  of  hydrojrcn  sulpliidc  be  passed  intii  a  solution 
am  bydrat«  until  tie  more  is  absorbed,  potassium 
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e  formed. 
H'8  +  KOU  =         KSH 
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If  an  exoess  of  dilute  sulphoric  acid  be  poured  into  a  sola- 
tion  of  potajssium  hydrate,  potassium  acid  sulphate  and  water 
are  formed. 

H»SO*  +  KOH  =        KHSO*        +  H«0 

PoteHlam  add  ralpluite. 

Lastly,  if  cupric  oxide  be  heated  with  dilute  sulphuric  acid, 
it  dissolves,  coloring  the  liquid  blue.  Cupric  sulphate  and 
water  are  formed. 

H^SO    +     CuO    =     CuSO*    +     HH) 

Ouprio  oxide.     Oaprio  ■nlphftte. 

Neutral,  Acid,  and  Basic  Salts. — If  the  salts  result  from 
the  substitution  of  the  metals  for  the  basic  hydrogen  of  acids, 
it  is  evident  that  their  composition  must  be  related  to  that  of 
the  acids  from  which  they  are  derived.  We  know  that  the 
latter  contain  one,  two,  or  three  atoms  of  hydrogen,  capable  of 
being  replaced  by  an  equivalent  quantity  of  metal :  they  are 
monobasic,  dibasic,  and  tribasic.  It  is  evident  that  the  salts 
must  present  analogous  differences  in  their  composition,  accord- 
ing a.s  they  are  derived  from  a  monobasic,  a  dibasic,  or  a  tribasic 
acid. 

A  salt  is  neutral  when  the  basic  hydrogen  has  been  entirely 
replaced  by  an  e((uivalent  quantity  of  metal.  But  the  substi- 
tution may  be  only  partial,  for  when  an  acid  contains  two  atoms 
of  bitsic  hydrogen,  only  one  of  these  atoms  may  be  replaced  by 
one  atom  of  metal :  there  will  then  remain  m  the  salt  thus 
formed  one  atom  of  basic  hydrogen. 

When  an  acid  contains  three  atoms  of  basic  hydrogen,  it 
may  happen  that  only  one  is  replaced  by  one  atom  of  metal ; 
there  will  then  remain  in  the  salt  two  atoms  of  basic  hydrogen ; 
or  it  may  be  that  two  atoms  of  hydrogen  are  replaced  by  an 
e(juivalent  ((uantity  of  metal,  and  there  will  then  remain  in  the 
salt  a  single  atom  of  basic  hydrogen. 

Whenever  basic  hydrogen  thus  remains  in  a  salt,  the  satura- 
tion of  the  acid  is  said  to  be  incomplete.  The  salt  formed 
ordinarily  retains  the  characters  of  an  acid ;  it  is  an  acid  salt. 
The  following  table  indicates  the  possible  cases  of  complete 
or  incomplete  saturation  which  may  be  presented  by  a  mono- 
basic, a  dibitsic,  and  a  tribasic  acid : 

HNO^  H^SO*  H»PO* 

Nitric  Mid.  Sulphuric  acid.  Phospborle  add. 


KNO"  g|  SO'  ^,  I  PC 

»K-SO'  „'  I  I'O' 

Poturiiun  iDlpbalg.  Dipuuvliiia  pbuipliile. 

K'PO' 

Oertain  neutral  salU  possess  the  property  of  uumtiiniDg  with 
the  hydrates  or  the  oxides.  The  compoands  so  formed  cuntatn 
all  of  the  elemeDtd  of  ihu  iieutr»l  suit,  plus  ihoNe  of  the  bydrale 
or  oxide;  they  are  tailed  lioiic  »atlt.  Thus,  the  iixide^  of 
leid  and  copper  may  combine  with  the  various  salt^  of  lead  utid 
copper,  forming  basic  salta  of  those  metals. 

tiebter'a  Lawi. — Towards  the  dose  of  the  last  ceDturjr 
fturtfnl  investi^tion  was  mad?  into  the  phenomena  of  neu- 
biliution  or  saturation  of  acids  by  bases.  We  know  that  a 
gifeo  weight  of  ai'id  requires  for  ita  neutralization  a  fixed  and 
•bsolat«ly  invariable  quuiility  of  a  given  base.  Thus,  for  the 
umveririon  of  1000  grammtM  of  sulphuric  acid  into  neutral 
pdUasinm  salt,  a  quantity  of  potawium  hydrate  corresponding 
lo  9lil  grammes  nf  potassium  oxide,  K'O,  is  required.  To 
Kliirate  theae  lUOft  grammet)  of  sulphuric  acid,  it  is  necessary 
b)  tuke  weigbte  of  the  oxides  wbtcb  are  invariablo  for  each  one 
■tpirately.  bat  which  vary  among  themselves. 

Thai,  1000  grammes  of  concentrated  sulphuric  acid  are  neu- 
(nJiied  by  the  following  quantities  of  the  oxides  named  : 

Pota«iam  oxide ODI  l^rai 

Bodiam  oxide (i:iZ 

Bvlnm  Qiide 1601 

^^         CkteiaraoTide 571 

^H         ZiDO  oilde SUA 

^B        CnprieaxJd Sll 

^H        HercDria  oxidi 3SU4 

■P        SUrar  oxide SSeT 

^^  Again,  to  neutralize  1000  [i[raiumex  of  ihe  most  concentrated 
^trio  acid,  the  following  quantities  of  the  same  oxides  are 

I     fequired: 

PotBHiutn  oxiile 74T  grunmea. 

Sodlnai  oxide 403         " 

Barium  oxide 1ZU         " 

\  CBlninm  oxide 444         " 

I  CopHo  oxide 831        " 

MBToario  oxide ITH       '" 

Sikeroxido 1B4I        « 
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Richter  was  the  first  to  remark  that  these  latter  qnantitafls 
are  precisely  in  the  same  ratio  to  each  other  as  the  quantities 
of  oxides  which  neutralize  1000  grammes  of  salphnric  idd. 
Thus, 

961  _  747 

M2  *"  491 

961         747 

1561  ""1214 

571         444 

In  other  words,  the  quantiUeg  of  oxides  which  neuiraike  a 
^ven  weight  of  one  acid  are  proportional  to  the  qwuUiiief  of 
the  same  oxides  which  neutralize  the  same  weiglU  of  oMtker 
add.  This  law  of  the  composition  of  salts  was  disooTered, 
towards  the  close  of  the  last  century,  by  Richter,.  a  chemist  of 
Berlin.  Berzelius  quoted  another  German  chemist-,  Wenid, 
as  the  author  of  this  law  of  proportion,  and  his  error  his 
appeared  in  all  of  the  treatises  on  chemistry  during  the  Itft 
fifty  years. 

Richter  also  studied  the  phenomenon  of  the  precipitation  of 
metallic  solutions  by  the  metals.  It  is  known  that  when  a 
piece  of  iron  is  plunged  into  a  solution  of  cupric  sulphate,  the 
iron  dissolves,  displacing  a  certain  quantity  of  copper,  without 
other  change.  Since  the  new  salt  formed,  ferrous  sulphate,  ex- 
ists in  the  solution  in  the  same  conditions  of  neutrality  as  the 
cupric  sulphate,  the  quantities  of  metal  which  thus  displ^e 
each  other  are  equlvalrnt.  As  neither  oxygen  nor  acid  is  set 
at  liberty,  it  must  be  admitted  that  the  respective  quantities  of 
the  metals,  in  the  salts  successively  formed,  are  united  to  the 
same  ((uantity  of  oxygen.  It  has  even  been  supposed  that  m 
the  salts  which,  like  the  sulphates,  contain  four  atoms  of  oxygen, 
the  metal  is  in  intimate  relation  with  one  of  these  atoms,  which 
is  precisely  sufficient  to  constitute  the  metal  in  the  state  of 
monoxide. 

CuSO*  -T^  CuO,SO» 
FeSO*  =  FeO,S(y 

If  this  were  so,  it  is  evident  that  when  cupric  sulphate  is 
decomposed  by  iron,  the  quantity  of  metal  wliich  enters  into 
solution  would  combine  or  enter  into  relations  with  predsely  the 
quantity  of  oxygen  abandoned  by  the  eopjwr.  This  quantity  of 
oxygen  being  constant,  the  quantities  of  the  metals  which  com- 


hlne  tnn-twirively  with  it,  diffi-r,  l»ut  are  equivalent  W  v 
nUker,  and  it  ia  evident  that  tlie  nxides  tltns  t'orineil  would  I 
mure  neli  iu  nx^gen  an  the  weight  nf  nii-tal  whiuh  t^ntcro  int 
BolutiaQ  ia  Iftsa  coiiBidcritlile;  in  ntiicr  wordH,  the  rii-hnesH  of : 
these  oxides  in  oxygen  in  inversely  propurtional  tji  the  weigl 
of  the  nietalfl  which  sut«cssivoly  bcctiine  disauWed;  it  wag 
this  fonn  that  Bichtcr  announced  the  accond  law  of  the  com*'] 
poeitioD  of  salts.  Il  will  bo  seen  that  ihia  law  is  implied  ii 
the  fiiKt,  and  thai  both  are  but  itiirticuliir  vasea  and  natural  cob 
soqueDCMi  of  the  theory  of  eiiiiivideQts,  us  it  is  understood  at  J 
preiri'nl  and  un  il  hfu  alreiidj  been  i^xplaincd  (piigo  23). 

Gener&I  PropertieB  of  SalU. — The  salte  present  very  d 
ent  vtihiTH.      Tlmse  wliidi  are  fnruied  by  an  acid  posst-ssing  a 
eiilor  lire  thcmsclvea  I'ultired ;  such  are  the  cbrouiat«s,  i 
oUta,  Bad  [itmiiangauatf^. 

Must  of  the  colored  oxidet^  form  saltc  presenting  ^ 


I 


Ferrloulb  ore  yelioir  oryellowi.h-broni 


Gotd  ult*  »rv  f  ollnw. 


Ib  t(i  be  remarked  that  (hesu  varions  er)li)rB  are  only  devei- 
afwd,  M  n  rule,  wheu  the  naitf  are  hydmled,  that  U.  eoinhined 
with  water  of  rr}-stjJliiatlon.     The  taste  af  the  hnIU  deiiendit 
upon  their  solubility ;  it  is  wanting  altu^tlier  or  but  gliglilly 
mnrkvd  in  the  insoluble  salts ;  more  or  leus  pronounced  and 
very  diverao  in  the  noluhle  tislts.     The  salts  of  mugnesium  ai«'  J 
Mttafi  the  almninium  Halts  are  astringent ;  those  of  iron  astriiiF-fl 
g«nt,  with  a  inetaltic  nft«r-tAstc;  tlie  sails  of  lead  arc  at  thft-l 
name  time  tiwoet  and  astringent ;  the  nalt^  of  eopper, untimony,T 
and  mercury  have  an  acrid  metallif  taste,  which  is  nnuseuiu,.! 
and  ia  called  styptic.  I 

The  ealla  generally  present  regular  forms,  ntore  fre<(ueDtly  J 
uccnrring  in  ciystals,  Souiv  of  (hem  are  obtained  as  amc>r<-1 
phuDH  precipitates,  but  in  aatuM  even  thesa  may  assume  tha  J 
cryMalltne  atatc. 

idlphiim. — r^rtain  suIih  whieh  poaseaa  nmUar  atnmiol 


t'ryKtalliKi 


mr/rphov 


..J-  nearlv  identical  forma}:J 

It  is  thus  witli  tha  double  sat  1 
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phatea,  which  arc  calliil  alarm,  and  of  wliiuh  ordinitj  il 
or  aluminiDm  and  potassiam  sulphate  is  the  type.  These  all 
ore  formed  by  the  union  of  a  sulphate,  R'(bO*j',  with  a  i 
phate,  M'SO'i  and  they  all  oontuin  24  molecules  of  int«r 
crystalliEtitioii. 

Thus,  ordinaiy  alum, 

A1'(80')'.K^0*    +     24H'0 

is  iaotuorphous  with  chrome  alum  aod  iron  alnm. 
Cr-tSO^'.K'SO*     -f     2-lH'O 


All  of  these  alums  crystallize  in  regular  octahedra.  Fnit^i 
a  solution  containing  two  alums,  for  example,  alamininm  ami 
potassium  sulphate  and  aluminium  and  ammooium  gulphiU, 
deposits  on  concentraiion  uryataU  in  which  the  two  whs  •» 
mixed.  Suirh  U  the  uhara«ter  of  isomurphuua  bodies;  crjatiJ- 
lizing  in  the  same  form,  they  may  mix  together  and  KpW 
each  other  in  all  proportions  iu  the  same  erystal.    Itlauy  eiut* 

flea  of  isomnrphiam  will  be  cited  in  the  oourae  of  this  wMt. 
t  will  now  be  sufficient  to  add  that  this  idea  of  isomoijliiM 
has  rendered  valuable  service  to  chemical  theory  hy  permitlii^ 
the  grouping  leather  of  bodies  similar  both  in  urystalline  ^^ 
and  atomic  constitution,  and  by  furnishing  in  auch  cases  lUcflll 
indications  for  the  determination  of  the  atomic  weights.  bi< 
evident  that  when  two  similar  combinstioDH,  two  sulpbuo.ft' 
example,  are  rucugnized  ttt  be  iaomovphous,  it  is  neoesuz]  U 
represent  their  constitutions  by  analogous  formiilie,  tni  ^ 
latter  can  only  be  poAsible  under  the  condition  that  the  itoaH 
weights  of  the  me^ils  contained  in  thctte  sulphates  have  knowii 
values. 

Actaon  of  Water  upoo  the  8alt«. — If  water  bti  poured  npW" 
and  agitated  with  powdered  chiilk,  a  white,  cloudy  liijuid  is 
obtiuned.  The  chalk  ia  »ii*iwi,M  in  the  water  without  heaf 
dissolved;  it  is  simply  held  up  iji  the  form  of  minute  paiwlesi 
and  if  the  liquid  be  allowed  to  stand,  the  precipitate  ia  de- 
posited, and  clear  water  again  appears  above  the  deposit. 

However,  if  saltpetre,  or  potassium  nitrate,  be  agitated  widi 
water,  a  colorless,  transparent  liquid  is  obtained.  The  ea]l{>etre 
is  duvleed  m  the  water;  it  has  disappeared  aa  a  solid  body. 


Il  is  mtHfi  hy  tite  wat«r,  aa  is  oommoDly  Baid,  and  is  onifonuly 
diffosed  through  the  linttid.  It  has  ii#elf  bwomi;  liijaid,  Had 
Uus  is  the  phenomenon  of  solutiun.  Il  is  iicinmpaDiod  by  a 
production  of  cold,  that  is,  an  absorption  of  heat;  for  in  assum- 
ing the  Uquid  slatti  and  becoming  dillHweil  throaghout  the  water, 
the  nltpetre  must  abttorb  ht-at. 

If  the  intruduetiun  of  powdi^rud  nitre  Into  the  nolution  be 
euntinned,  the  solid  still  disuppeurH,  but  a  tiuii;  arrives  when 
the  salt  introduced  eeiisea  to  diawilve ;  for  water  at  a  given  t«ui- 
pentare  ean  only  dissolve  a  fixed  i^uantity  of  a  salt,  and  when 
thislimit  is  attained,  the  solvent  force  uf  the  water  upon  the  salt- 
pette  is  ^ihaiLuted.  The  water  is  then  said  ti>  be  iKiCitratcd  with 
the  ^u  and  any  csce»)of  the  latter  reniainif  in  the  solid  state. 
Bat  if  DOW  the  solution  be  heated,  this  excess  is  in  itjt  turn 
dnoWed,  for  the  solubility  augments  with  the  temperature, 
Bod  as  the  latter  is  elevated,  a  lar^r  quantity  of  th^  salt  is  dis- 
aolT«d.  When  the  liquid  begins  to  boil,  the  temperature  and 
tbe  aoluhility  of  the  salt  have  reached  their  extreme  limit. 

If  the  boiling  satiirated  solution  be  allowed  tu  cool,  it  depos- 
ite  ■  large  portion  of  the  salt  in  the  form  of  cryatalx.  In  this 
nanoer  voluuiinous,  colorless,  and  truuHparont  prisms  are  ob- 
liused  which  fill  the  vessel,  and  which  are  surrounded  by  a 
■olittion  of  saltpetre,  saturated  at  the  temperature  to  which  the 
lufaid  bus  been  cooled.  This  liquid  is  called  the  mother-liquor 
of  the  crystals.  It  is  thus  that  soluble  salt*  are  cryatalliaed  by 
OKiliog  their  hot  saturated  Bolations.  ■ 

Generally  the  same  tucta  ore  observed  for  other  soluble  salts. 
llMir  BolnbUity  increases  with  the  temperature;  there  are, 
Werer,  some  exceptions  to  this  rule,  Sodium  chloride  is 
Mt  more  soluble  in  hot  than  in  cold  water,  and  gypsum,  or 
oldsm  sulphate,  is  sensibly  more  soluble  in  cold  than  in  hot 
uler;  for,  while  601)  parts  of  boiling  waU-r  are  requisite  to 
dimlve  one  part  of  gypsiun,  only  4f!0  parts  of  cold  water  are 
HMnaiy  to  dissolve  the  same  quantity.  The  masimum  solu- 
lili^  of  sodium  sulphate  is  between  32  and  33°, 

Crystals  of  nitre  may  be  obtained  by  another  process.  We 
B^  expose  the  cold  saturated  solution  to  the  air  at  the  ordi- 
Uiy  temperature,  or.  better  still,  place  it  in  a  bell-jar  over  a 
nael  containing  sulphurio  acid.  The  water  of  the  solution 
tloirly  disappears,  and.  as  it  is  dissipated  in  vapor,  a  portion  of 
Ae  dissolved  salt  separates  in  the  solid  form.  The  crystals  thus 
fwmed  by  tponlaneom  rvnponifi'in  are  generally  very 
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t  «Bt«r  exerts  imother  and  a  different  at^ion  npop  die 

Perfectly  dry  cupric  sulphate,  CuSO*,  is  a  white  poirdar, 
If  water  be  poured  upon  it,  it  becomes  blue  and  dissolTU,  em- 
mnDicotin^  to  the  litiuid  a  blue  uolor  and  notubly  raiung  iu 
temperature.  On  eviijiurutioD,  this  liquid  deposits  tryslalti  of 
blue  vitriol,  and  if  theite  be  ciim])ured  with  the  dry  white  pow* 
lier  with  wlilch  we  started,  they  will  be  found  to  differ  froail 
by  the  water  they  eontain.  We  have  employed  the  anhydroM 
salt,  and  have  hydrated  it. ,  La  fact,  tlie  sulphate,  CuSU*,  ht 
abttorbed  five  moleeulea  of  water,  with  which  it  haa  cotnbitied, 
and  this  combiDatton,  like  all  others,  haa  taken  place  with  tlu 
production  of  heat.  The  water  whii'h  ia  thus  absorbed  by  cer- 
tain salts,  and  which  combines  with  them  iu  definite  propor- 
tions, ia  neceasary  to  the  formation  of  their  cryatds;  it  is  wlW 
imiler  of  ciyalatiixatioth 

It  ia  not  neueasary  to  the  constitution  of  the  salts  lliw- 
selves;  they  can  exist  without  it,  and  jiienerally  lose  it  vboi 
ibey  are  heated  to  a  temperature  more  or  leas  elevated,  witliont 
nndei^oin^  any  other  decomposition.  Certain  salts  abandon 
their  water  of  (Tystallization  with  such  facility  tliat  tb«j  pn 
it  up  to  the  surrounding  air  when  the  latter  ia  not  saianltd 
with  moisture.  They  then  become  opnquo  and  lose  the'' 
forma,  for  crystals  cease  to  exist  when  their  water  of  fiysliUi- 
tation  is  diaengaged.  These  salts  become  covered  with  a  in 
powder  in  the  air  and  are  called  efflorfscent  tall*. 

It  is  seen  by  the  example  just  cited  that  the  |>henoineDoa 
of  solution  of  sallfl  in  water,  which  dependn  upon  a  phjna) 
action,  upon  a  ehange  of  slate,  is  often  complicated  with  a  tw 
uimbination  of  the  salt  with  water,  that  is,  a  chemical  ictioi 
which  disenpiges  heat.  The  latter  ia  genemJly  more  eneigrtK 
than  the  physical  action,  and  the  difference  between  the  two 
effects  is  then  manifeated  hy  an  elevation  of  temperature. 

But  the  physical  phenomenon  is  produced  alone  when  tl» 
salt  which  diasolvea  is  incapable  of  combining  with  water  of 
cryBtalliMlion.  A  depression  of  temperature  is  then  olieervei, 
aa  we  have  seen  in  the  case  of  nitre,  the  crystals  of  which  u* 
anhyilroua;  but  another  example  will  more  clearly  illuatnic 
this  important  phenomenon. 

If  water  be  poured  upon  recently  flised  and  powdered  calcMM 
chloride,  the  Halt  dissolves  with  production  of  heat.  It  change 
not  only  ita  slate  but  its  composition ;  it  combines  energetuw^ 


with  the  water,  and  this  cotabina.tioD  produces  more  heat  t1 
u  ftbsurbed  by  the  change  of  ataU'.  Hence  there  is  an  cl<i 
tion  uf  U!ni{wr-.Ltiire. 

tf  caluJum  vhlDride.  oombiDed  with  ita  water  of  crystallia 
tion.  be  rapidly  mixed  with  anew,  the  salt  ia  so  soluble  ii 
thnl  it  eansea  ihi^  snifw  U*  melt  nl  the  same  lime  that  it  Worn 
lii|iiid  ils<-lf.  Uure  th>:re  ui  uu  cuiubiDutioD.  do  eheniieitl  sctiog 
anil  nil  heat  is  dieengnfrad.  ll  ia  u  duuble  ^hyaieal  phei 
non, — fufrina  of  the  enow  and  fusion  tif  the  ualuiuui  ehluride,-' 
and  neither  of  iheeu  hodii^  ean  undergo  a  chan^  of  state  vfitb 
out  absorbing  heat.  Hcnoe  there  is  a  depresinon  uf  tempc 
tiire  whidi  may  reach  — iH°. 

A  mixture  of  snow  and  talcium  chloride  is  i^/rcrzviuj  mva-  . 
lure.     A  mixture  of  equal  parts  of  common  galt<  and  broken 
ice  at  suuw  is  Iruquently  used  fur  the  production  of  cold. 

The  phenuuiiiuou  of  the  Kolutiim  of  salts  in  wat<.T  presente 
mine  of  till-  chamcteriiilicH  uf  a  vfaemlual  notion ;  it  docs  not 
take  plaiM  in  deGntte  proportions. 

Ln  fiw!t,  a  soluble  sidt  rL<[|uires  fnr  its  complete  solution  a 
quantity  of  water,  which  is  always,  the  same  fur  a  certiiin  wei^'ht 
■tf  the  salt  Bt  a  given  tempcrntiire ;  but  there  exists  dd  utouiic 
relation  between  this  ijuantity  of  wat«r  and  the  weight  of  the 
Halt  which  ia  dissolved. 

Further,  altJtough  the  solubility  of  a  salt  presents  for  each 
temperature  a  maximum  limit,  that  is,  althouph  a  given  weight 
nf  n  salt  requires  for  its  selulion  a  (juantily  of  water  which  is 
tarariablo  aud  whiuh  eannot  be  diminished,  when  the  solution 
has  been  accomplished  an  indefinite  quantity  of  water  may  be 
added,  and  the  liquid  Will  still  remain  perfectly  homogeneous. 

Snpen&tnration. — We  have  seen  thai  a  saturated  solution 
I'f  a  (Milt  at  a  ^flvon  Ijimperature  generally  depuaita  a  part  of 
[hat  Halt  im  eoolins;,  Tiiia  is  not  always  the  ease  ;  it  sometimes 
happiitw.  if  the  cooling  take  place  under  oortain  uiiriditii)n.s,  that 
a  pttrliim  of  the  anil,  which  the  difference  in  leni[)eriitiire  should 
tvdneo  to  the  Milid  state,  still  remains  in  solulinn.  The  solu- 
liim  iii  tlii-n  siiid  to  bo  nu-pemalnralrii,  Sudium  sulphate  and 
alnm  hnvo  a  great  tendency  tii  form  «uc'h  solutions. 

A  hot,  Mturatod  solution  of  tuHliuu  sulphate  Is  contained  in 
the  tube  A  ( I^.  95).  It  ia  healed  U>  boiling,  so  thai  the  vapor 
eeokpus  by  the  dmwu-uut  extremity.  By  tjie  aid  of  a  blow- 
"  ibe  is  thou  seulinl  ul  U,  l>efore  the  vapor  can  eou- 
^  ,ihe)i  .llkigod  U>  cool.  A  vacuum  ia  formed  above 
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ihe  Bolation,  for  ihe  air  has  been  driven  oat  lij  the  Tipor..  lb 
oold  liquid  remains  limpid ;  it  deposits  no  orystols.  Bat  tk 
instant  the  drawn-out  point  of  the  tube  is  broken  ol^  die  air 
enters  and  crystallisation  at  onoe  oommenoes  ait  the  smftoeiiid 


rrrs 


Fio.  96. 

proceeds  throaghout  the  entire  mass,  whidi  beoomes  solid*,  ^ 
the  same  time  an  elevation  of  temperature  may  be  obserfel 

100  grammes  of  water  and  200  grammes  of  ciTrtalliaed  «>- 
dium  sulphate  may  be  heated  to  ebullition  in  a  nazrowHiebbd 
flask,  and  as  soon  as  vapor  begins  to  issue  from  the  moiidi,dw 
latter  may  be  covered  with  a  watch-glass  and  the  whole  alknrad 
to  cool  tranquilly.  The  salt  remains  dissolved,  and  the  sofailua 
contained  in  the  flask  is  supersaturated;  but  as  soon  as  the 
watch-glass  is  removed  the  liquid  becomes  a  solid  massof  erfr 
tals  (Loewel). 

In  the  first  experiment  it  is  the  sudden  eatrj  of  the  ab 
which  determines  the  crystallization ;  in  the  seoond,  it  is  the 
firee  access  of  air,  and  it  may  be  admitted  that  in  each  ease  the 
air  acts  by  the  corpuscles  which  it  holds  in  snspenaon,  and 
which,  falling  into  the  solution,  determine  the  or^BtalliaUifHL 
Indeed,  Loewel  has  shown  that  air  whieh  has  been  filterai 


througfa  <»(ton-iro(il  hoa  loet  the  pmpert)'  or  causing  supersatifl 
uralt-d  solutions  to  (Tystnlltm.  'U 

But  wUttt  is  the  nntiire  of  thosf  particles  which  by  falling 
npon  the  aurfaoe  of  enperiMlurntcil  solutions  occasion  ci^stalli- 
laiion  '/   The  researehea  of  GeroeK  have  thrown  great  light  upon 
this  question.    Accortlitig  to  him,  they  are  saline  particles  sinii-_ 
Ur  to  the  salt  dia!»olve<l     The  sodium  sulphate  is  deposited  iaJ 
the  proccding  experiments  because  the  entry  of  the  aJr  ha|9 
kUowod  an  imperceptible  particle  of  sodium  sulphate  to  fiiff^ 
npon  the  sur^ce  of  the  liquid,  and  aroQnd  this  particle  the 
CTTstalliiation  begins  imniedialt'ly  and  is  propHguted  through- 
onl  the  entire  mass  of  tho  superaaU ruled  licjuid.    The  air  then 
eontvina  a  trace  of  sodium  aulphatc,  as  it  i«nt4iinB  a  trace  of 
uommon  salt  nnd  (if  carbimate  and  xulphate  of  i^lciiuti.    Thees  J 
particles  Are  suspended  in  the  uir  iu  a,  state  iif  extreme  division,^ 
uid  are  cnrrii^d  Iroin  great  distances  by  the  winds.  I 

A  bmling  saturated  solution  of  sodium  hyposulphite  may  )»  I 
allowed  to  oool  in  n  cureAilly-corked  flask.  When  cold,  it  is  so 
eonoentmted  that  it  possesses  an  oily  consistency.  The  flask 
my  be  carcflilly  uncorked  and  the  surface  of  the  liquid  touched 
with  a  rod  to  the  end  of  which  a  email  particle  of  sodium  hy- 
posulphite has  been  made  to  adhere.  Ctyatalliitation  at  onoe 
wmmences  at  the  spot  where  the  rod  touches  the  liquid,  and 
in  a  few  seconds  the  whole  muss  becomes  solid.  There  is  at 
the  same  time  a  notable  disengagement  of  heat  (Gemes). 

The  cnrstalliiatioo  will  also  take  place  if  a  particle  of  sodium 
■alphat^  be  allowed  to  fall  into  the  solution,  for  the  latter  salt 
poeaeesos  the  same  crystalline  form  as  sodium  hyposulphite,  and 
u>  uialiipius  constitution. 

EbsUitioa  of  B&line  Solutions. — Aqueous  solutions  of  ths>a 
"alls  ^nerullv  |joBj«.-»a  a  iMiilin'.'-pninl  higher  than  that  of  watCT^T 
Tliiui,  »  wluratwl  solution  of  coramou  salt  boila  at  108,4"; 
■aluraleil  soluliuu  of  ]Kitusaium  nitrate  boils  at  115.0";  sud  ft 
luiliinilod  solution  nf  rulcium  chloride  boils  only  at  179.5°. 

Actioa  of  Heat  upon  the  Salts. — The  hy^ted  salts  1i 
their  water  when  they  are  heated.  Ordinarily,  a  temperature 
of  100°  is  snfficient  t4i  expel  the  water  of  eryetalliaatton.  Cei^ 
tain  sails  melt  in  this  wnt«r  before  loiiing  it ;  they  arc  so  soluble 
■  hotwaterthat  they  dissolve  in  the  water  which  at  a  lower  tem- 
fl  constitut"*  them  in  the  crystalline  state.  This 
m.  A  f^e»t  number  af  anhydrous  salts  mi 
Med  to  intense  heal^  this  is  called  tyneout /uria 


Hent  exem  a  deimmpoeiii};  action  upuD  man;  salts.  UpoD 
this  point  it  is  diffiyiill  to  give  general  laws.  It  can  only  be 
naid  tliat  the  sl^lnlity  of  a  salt  depends  upon  tbree  eoDdilitHiti, 
namely,  the  fiiednoss  of  tlio  corresponding  acid,  th«  sttbilltj 
of  the  coireepondii^  oxide,  and  the  energy  of  the  affinity  wilb 
which  the  two  react  together  to  form  tlie  salt. 

Thus  the  aalts  of  acids  decomposable  by  heat  are  tbenuelTcs 
decomposed  at  an  elevated  temperature.  It  ia  thii8  witli  die 
chlarati>s,  the  perchlorates,  and  the  nitrates.  Among  th«  sul- 
phates, some  are  decomposable,  others  are  fixed.  Tiie  latter  tit 
those  of  potassium,  sodium,  barium,  stronliuu,  caldum,  aag- 
nesiuw,  lead,  etu.  The  eorreapondiug  oxides  of  [wta^ium, 
sodium,  Wium,  etc.,  are  fixed  bases,  and  possess  a  poverful 
affinity  tor  sulphuric  acid.  Ilcnoo  their  sulphalos  ore  stable. 
Most  of  the  carbonates  are  decomposable  by  heat;  indeed, 
the  affinity  of  carbonic  acid  for  the  bases  is  as  a  rule  fevbk 
It  is  exceptionally  stivngfor  the  alkaline  bases;  hence  tbe*U>*- 
line  carbonates  and  barium  carbonate  resist  the  action  of  heal 
Aotiim  of  Electricity  upon  tbe  Salt*. — When  an  electiin 
current  traverses  the  aqac- 
ons  solution  of  a  salt,  tbe 
latter  is  decomposed.  The 
metal  separates  at  the  neg- 
ative pole,  and  the  oilier 
element  of  the  salt  at  tbc 
positive  pole.  This  otter 
element  may  be  an  elec- 
tro-negative element,  ueb 
as  chlorine,  or  an  oxidiwd 
group,  that  is,  a  group  (iT 
atoms,  one  or  more  tt 
which  is  oxygen. 

The  electrolysis  of  * 
salt  may  be  effected  •> 
follows:  An  U  tube(Fig- 
I'li)  contains  u  sciluliinui 
eupric  chloride.  In  ea^ 
branch  a  plate  of  platinlW 
dips  into  tbe  litjaiil,  «tw 
'  "■  -'"■  these  plates,  (wnneotedbj 

conducting  wires  witJi  the  two  polus  of  a  battery,  consliutt* 
tlie  positive  and  negative  elcctiudeH.      As  soon  as  the  ounenb 


pmee,  the  eleotro-posidve  element  of  the  salt,  the  copper,  U 
depoat4Ml  upon  ihe  elartro-negative  elcrtrode,  and  the  clilorine, 
which  ia  eleotru-a^^ive.  is  iliiwn^aged  at  the  positive  electrode. 
A  part  of  thi«  vhloriDe  uontbiDes  with  the  platiuum  electrode 
bj  !L  sei'Diidary  reiictiiiii,  forniiug  platinuia  chloride,  but  the 
brincipd  ttciiun,  thtU  is,  the  dccoupnititiua  of  cupriu  chluride 
J^  alectrolyaia,  is  lepreeented  by  the  tblluwiitg  equution : 

^K  CuCI'    =    Cu    +    ci' 

^^r  Cnprlc  ibloilds.       Oapfti.  Chlurlns. 

If  the  cnprie  chloride  be  replaced  by  cupric  enlphate,  the 
nuTcnt  will  deeoiupose  this  eult  into  copper,  which  deposits 
apijn  the  ai^ative  lAectrode,  and  into  SO*,  which  possesses  no 
atikbility,  and  consequently  brenks  up  iLt  the  positive  electrode 
inta  Sty,  which  combines  with  the  witter  to  form  sulphuric 
idd,  and  O,  which  is  disengaged  at  the  positive  electmde. 

The  deiiimpositiun  of  the  SO*  is  a  seconiiury  aetiua.  The 
principal  action  accomplished  by  the  work  of  tbe  current  Is 
upreawd  by  the  following  oquaUon : 

CuSO*      ^      Cu      +      SO' 

Coinlonll'luiLa.  (\jpp>[.  Olldlin]  (ronp. 

The  secondary  re&ctions  are  as  follows : 

SO*  -::   SO"   -f    0 

so*  +  HH]  =  n-so* 

The  experiment  may  be  repeated  upon  potasHium  sulphate, 
snd  a  solution  of  this  salt  colored  by  the  syrup  of  violets  ua  in- 
Itodnced  in  the  U  tube.  As  soon  as  the  current  paasea,  bub- 
feof  pas  are  seen  to  arise  from  each  clcctmde.  Free  oxygen 
qipeuB  at  ihe  positive  electrode,  as  in  the  preceding  case,  and 
Udie  same  time  the  liquid  filling  this  branch  of  the  tube  ao- 
ninn  a  red  color.  Thia  is  the  evidence  of  the  presence  of 
wlphnric  acid  formed  at  the  positive  electnide. 

The  gas  disengaged  at  the  negative  electrode  is  hydrogen, 
which  ia  prodnced  by  a  secondary  action  of  the  wat«r  upon  the 
pctssuam  which  is  removed  fn>in  the  salt  at  the  negative  pole. 
Potanniii  hydrate  is  thus  formed,  and  the  nynip  of  violets 
in  this  branch  of  the  tube  is  colored  green.  The  principal  ac- 
•iw  looompliKhed  by  the  current  ia  expressed,  as  in  the  pre- 
■•^  cases,  by  the  equation 

K'SO*       =       K'       +       SO' 
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The  metal,  which  U  electro-poflitive,  is  cniried  to  the  nep- 
tivepole;  the  oiidked  group  lo  the  positive  pole.  Bnttibe 
two  elementa  thus  separated  have  provoked  or  undergone  sec- 
ondary actions  independent  of  the  work  of  the  eurreot  Tia 
potassium  hua  decomposed  the  water,  the  oxidized  gronp  hii 
been  broken  up,  as  explained  in  the  preceding  case. 

It  will  be  understood  from  these  reactions  that  bB  of  tlu 
Baits,  whatever  may  be  their  nature,  undergo  the  sune  kind  of 
decomposition  when  submitted  to  the  action  of  an  eleotrio  cur- 
rent. They  are  separated  into  two  elements,  The  ooe  u  eln- 
tro-poaitive,  and  in  liberated  at  the  negative  pole ;  tbb  is  aiwin 
the  metal.  The  other  is  electro-ni^tive  and  goes  to  the  pnri- 
tive  pole,  whether  it  be  a  aimple  body,  Bnch  as  chlorine,  orM 
oxidiEcil  group,  such  as  SO*.  It  will  also  be  seen  that  mA 
groups  occupy  in  the  oxidized  salts  the  snme  poNtion  hdd  by 
chlorine  in  the  chlorides.  Such  is  the  principd  action,  (lot  is, 
the  decomposition,  accomplished  by  the  action  of  the  eleoUu 
current,  a  decomposition  which  is  called  eleetroljrsis. 

Action  of  the  Metals  apon  the  Salts. — The  metali  miy 
displace  ench  other  in  their  saline  solutions. 

If  a  plate  of  c-opper  be  plunged  into  a  solution  of  alw 
nitrate,  the  copper  enters  into  solution  in  the  form  of  copw 
nitrate,  displacing  and  precipitating  the  silver. 
Cu 

If  a  piece  of  iron  be  introduced  into  a  solution  of  cnpio 
sulphate,  the  iron  instantly  becomes  covered  with  a  layer  <if 
metallic  copper,  precipitated  by  a  portion  of  the  iron  thich 
enters  the  solution. 

Fe    +     CuS()*     =    Cu    +      FcSO* 

OuprtD  Bi]l|]hatfl.  remHB  inlpliBlL 

If  a  Htrip  of  zinc  around  which  some  brace  wires  hsvebH* 
lwist«d  be  suspended  in  a  dilute  solution  of  plarabiu  aoeti<*< 
the  zinc  will  slowly  displace  the  lead,  which  will  be  depo«l«<' 
in  brilliant  Bcalea  upon  the  brass  wires.  The  latter  grwluillj 
BSBUtne  the  appearance  of  fcrn-lcavcs,  and  the  expeiineBt 
constitutes  the  formation  of  the  lead-tree. 

Bichter,  of  Berlin,  was  the  first  to  remark  (1792]  thtt  lb* 
metals  displace  encli  other  in  their  saline  solutions  willuniltkl 
neutrality  of  the  latter  being  disturbed.  When  a  nenOnl  ■" 
is  precipitated  by  a  metal,  a  new  neutxal  salt  nidta.    ^ 
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ferrooB  snlphate  formed  by  the  aodon  of  iron  apon  capric  sul- 
phate is  nentral  like  the  latter. 

It  may  be  forther  stated  that  in  this  respect  the  chlorides 
behaye  like  the  oxygen  salts.  Iron  displaces  copper  from  cu- 
pric  chloride  as  from  the  sulphate.  In  the  first  case  it  com- 
bines with  CI*,  in  the  second  with  S0^  and  in  this  circumstance 
again  the  latter  group  acts  in  the  same  manner  as  chlorine. 

CuCT      +      Fe      =      FeCl*      +      Cu 

Capric  chloride.  Fcrroos  chloride. 

Cu(SO*)     +     Fe    =    Fe(SO*)     +     Cu 

Capric  ralphate.  Ferrous  lulphate. 

The  following  table  indicates  the  order  in  which  the  metals 
precipitate  saline  solutions : 


SALTS  OF  WHICH  THE   METALS  ARE  PRECIPITATED   BY 

CERTAIN    METALS. 


Salt!  of  tin    .    . 
^ts  of  antimony 
Salts  of  bismath 
Salts  of  lead      . 
Salts  of  copper  . 


Salts  of 


mercury 


Salts  of  silver    . 
Salts  of  platinum 
Salts  of  gold .     . 


I 


reduced  by  iron,  zinc, 
and  all  the  preceding 
metala 

reduced  by  iron,  zinc, 
manganese,  cobalt, 
and  all  the  preceding 
metala 


reduced  by  iron  and  sine. 


BERTHOLLET'S   LAWS. 

To  conclude  this  general  study  of  the  salts,  it  only  remains 
^0  indicate  the  actions  exerted  upon  them  by  the  acids  and  the 
"Mes,  and  the  reciprocal  actions  of  the  salts  themselves.  These 
^  have  been  established  and  discussed  principally  by  Bcr- 
^"ollet,  who  demonstrated  the  influence  of  physical  conditions, 
snch  as  insolubility  and  volatility,  upon  the  direction  of  chem- 
ical decompositions. 

Action  of  AcidBnpon  the  Salts. — When  an  acid,  that  is,  a 
8*lt  of  hydrogen,  is  added  to  a  metallic  salt,  the  former  tends 
^exchange  elements  with  the  latter,  in  such  a  manner  as  to 
"^  a  new  salt  and  a  new  acid. 

If  sulphuric  add  be  added  to  powdered  potassium  nitrate, 


268  ELEMENTS  OF   MODEEN   CHEMISTEy. 

the   latter  putudlj  dissolves  without  tlie  aid  of  heat,  ud 
pota^iuni  ac-id  sulphate  aod  nitric  acid  tixe  formed. 

KNO"     +      H'SO'     =     HNO*     +      KHSC 

FdIuIiiid  nilnu.        Sulirtiuric  add.  Kitrlo  u[rL     PolwKiDiuld  •ulpWf. 

But  thiR  reaction  is  by  no  means  wtuplete.  Powcrfal  h 
are  im  affinities,  the  sulphurif  acid  cannot  decompoee  the  irbole 
of  the  potassium  nitrate  unaided  by  heat;  a  portion  of  the  luwr 
salt  rcmaioH  unaltered  in  presence  of  the  excess  of  sulphurio 
acid,  80  that  the  resulting  thick  and  fuming  liquid  reallj  md- 
t^ns  tvo  acids  and  two  siJtB,  namely : 
Sulphuric  >cid. 


4 


The  reaction  takes  place  as  if  two  ucida  were 
a  single  base.     There  is  a  conflict  between  the  adds, 
tend  to  divide  the  biue,  which  is  potassium,  in  such 
that  each  ucid  may  saturate  a  portion. 

Henoe  the  decomposition  of  potassium  nitrdte  is  not  ooib- 
plet«,  and  it  is  arrested  as  soon  as  the  nitric  acid  set  tree  cm 
dispute  with  the  sulphuric  acid  the  poasession  of  the  bw- 
There  is  then  eeUblished  a  stale  of  p([uilibrium  between  llw 
two  acids,  both  remaining  in  presence  of  the  two  salts. 

But  tbis  equilibrium  is  unstable  and  may  be  deranged  bj 
various  circumstances. 

If  the  acid  mixture  be  heated,  abundant  white  vjmora  K* 
disengaged.  It  is  the  nitric  acid  which  volatilizes.  Bat  tit 
sulphuric  acid  becomes  thus  preponderant  in  the  liquid  f^ 
decomposes  another  portion  of  potassium  nitrate,  and,  if  »• 
volatilization  of  the  nitric  acid  set  free  be  not  arrested  b;  4' 
removal  of  the  heat,  it  is  evident  that  nothing;  can  pi«vei^lli' 
complete  decomposition  of  the  potassinm  nitrate  by  the  nl* 
phuric  acid.  The  nitric  add,  which  by  its  presence  doo* 
prevented  this  total  decomposition,  is  rendered  powerless. 

Such  is  the  influence  of  volatility  or  the  gaeeoiu  st«[»  upon 
the  progress  of  deeompo«tions;  it  is  manifested  in  the  higo<^ 
degree  in  acids  more  volatile  than  nitric  acid,  such  us  csibonH^ 
uid  sulphurous  acids.  We  have  already  seen  that  the  carbon- 
ates and  sulphites  are  easily  and  entirely  decomposed  by  tb^ 
energetic  acids. 

While  the  volatility  of  acids  favors  the  decumj 
their  salts,  intolubility  may  play  an  analogous  put. 


If  hjrdrochloric  add  be  added  to  a  enlntJoD  of  poUissium  sili- 
Mte,  B  pelalinous  precipitate  of  gilicit'  Bcid  is  at  once  produced, 
uA  »t  the  same  lime  potassium  chloride  is  formed.  The  de- 
cunpoeidoD  is  complete,  for  the  silicic  acid  is  insoluble. 

If  sulphuric  acid  be  poured  into  a  solution  of  barium  nitntti, 
ipredpitAte  of  buriuin  sulphate  is  immediately  formed,  while 
■1  the  same  time  nitric  add  is  set  free. 


In  this  case  also  the  decumpoBition  is  complete,  for  the  ba- 
tium  sulphate  is  iusoluble. 

In  these  two  reactiona,  the  division  of  the  base  between  the 
l(u  icids  cauDot  take  place,  since  one  of  the  products  b  imme- 
dutel_v  removed  from  the  sphere  of  action  by  ils  insolubility. 
Id  ihu  first  case,  it  is  the  newly-formed  acid  which  is  preeipi- 
Wtd;  in  the  second,  it  Is  the  newly-fonncd  salt  which  is  de- 
pnaitcd  in  the  insoluble  state. 

hj{ueiice  of  Mau. — One  other  circumstance  can  influence 
llieeitenl  of  these  decompost lions :  it  is  the  relative  vuimc*  of 
'be  bodies  which  are  b  presence  of  each  other. 

In  the  first  experiment,  it  was  supposed  that  an  amount  of 
nlphuiic  acid  had  been  added  to  pot«sBiuu  nitrate  sufficient  to 
produce  the  double  decompositJiin.  If  a  large  excess  had  been 
Wployed,  it  la  evident  that  it  would  have  become  preponderant 
■n  the  miiture,  and  that  it  would  have  displaced  a.  more  con- 
"dcMble  portion  of  nitric  acid. 

The  influence  of  mass  is  maDifested  in  the  case  of  very  feeble 
wdi,  and  permitij  them  to  displace  stronger  acids.  If  a  small 
<|un[ity  of  tricalcic  phosphate  be  introduced  into  water  charged 
■tth  carbonic  acid,  the  latter,  compensating  by  its  mass  for  its 
^nency  in  ener^,  will  remove  i'rom  the  phosphate  a  portion 
of  its  bime.  Calcium  dicarbonate  and  calcium  acid  phosphate 
We  formed,  both  of  which  are  soluble. 

Such,  according  to  Berthollet.  is  the  influence  of  insolubility 
■nd  Tolatility  upon  the  phenomena  of  double  decoispoBilion; 
"irli,  on  llie  other  hand,  is  the  influence  of  mass.  The  wime 
""iditions  intervene,  and  in  the  same  manner,  in  the  reactions 
*iiiph  we  are  about  to  sludy. 

AetioiL  of  fiaaes  opon  the  Salts, — We  will  here  consider 
""Ij  the  action  of  the  soluble  bases,  that  is,  the  alkaline  hy- 
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If  a  BolutioQ  of  potaasiam  hydrate  be  ponnd  into  t  loh- 
tion  of  sodium  sulphate,  no  apparent  change  takes  place;  hrt^ 
according  to  the  principle  which  has  jost  beien  announced,  it  k 
probable  that  the  potassium  hydrate  has  liberated  a  portioo 
of  sodium  hydrate. 

Na*SO*      +     2K0H       =      K«SO*     +     2NaOH 

Sodium  iulpbate.    PotMdum  hjdmte.     PotMMam  lalplMta.     Sodioa  hjtalfc 

But  this  decomposition  cannot  be  complete,  and  the  fiqiiid 
must  contain  four  bodies,  namely: 

Sodiam  Bolpbate. 
PoUuiam  sulphate. 
Sodinm  hydrate. 
PotaMiam  hydrate. 

If  potassium  hydrate  be  added  to  a  solution  of  cnprie  nl* 
phate,  a  light-blue  precipitate  of  cupric  hydrate  is  obtained. 
In  this  case  the  decomposition  is  complete,  owing  to  the  votA' 
ubility  of  the  cupric  hydrate  which  cannot  dispute  with  the 
potassium  hydrate  the  possession  of  the  add. 

CuSO*     +      2K0H     =     K*SO*     +     Cu(OH)« 

Cupric  sulphate.      PotuBium  hydrate.    Potaadain  talphate.       OapHe  hjrdntc^ 

If  a  solution  of  barium  hydrate  be  poured  into  a  solutiooof 
potassium  sulphate,  a  precipitate  of  barium  sulphate  ib  po- 
duecd;  and  potassium  hydrate  remains  in  solution.  In  thii 
case  again,  the  decomposition  is  complete,  by  reason  of  the  in* 
solubility  of  the  barium  sulphate.  The  potassium  cannot  di* 
vide  the  acid  with  the  barium,  for  the  latter  escapes  with  all 
of  it  in  the  form  of  insoluble  sulphate. 

K'SO*       +   Ba(OH)*    =     BaSO*    +      2K0H 

Potassium  sulphate.       Barium  hydrato.        Barium  sulphate.     Potaatlaa  hjdi*^ 

Action  of  the  Salts  upon  each  other. — ^The  action  of  salts 
upon  each  other  is  what  would  naturally  follow  from  the  prin- 
ciples exposed  in  treating  of  the  action  of  acids  upon  aalta- 
Indeed,  the  latter  possess  the  same  constitution  as  the  tai^ 
and  in  their  reactions  upon  salts  should  give  rise  to  phenomena 
of  the  same  order.  These  are  exchanges  of  elements,  dooU^ 
decompositions,  which  take  place  and  are  more  or  less  oompletei 
according  to  the  physical  conditions  of  the  bodies  whi<m  ars 
produced,  and  also  according  to  the  relative  masses  of  the  re- 
acting bodies. 

In  the  first  place,  we  must  consider  the  reciprocal  adaons  of 
the  soluble  salts. 
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• 

If  a  solution  of  capric  sulphate  be  treated  with  a  solution 
of  sodium  chloride,  no  precipitate  is  formed,  but  the  blue  color 
of  the  liquid  is  changed  to  green.  This  color  is  that  of  cupric 
diloride,  and  it  may  be  supposed  that  the  latter  salt  is  formed 
by  the  reciprocal  action  of  the  sodium  chloride  and  cupric 
sdphate. 

CuSO*      +      2NaCl     =     Na»SO*     +      CuCP 

Copric  ralphata.        Sodium  chloride.        Sodium  ralphato.        Cupric  chloride. 

But  this  interchange  of  elements  between  the  cupric  sulphate 
and  the  sodium  chloride  is  arrested  before  the  decomposition 
of  the  two  salts  is  complete.  A  part  of  each  remains  unaltered 
in  the  presence  of  the  other  and  of  the  two  new  salts  which 
are  formed.  Consequently,  the  green  liquor  *  obtained  in  this 
experiment  contains  four  salts,  namely : 

Coprio  sulphate. 
Sodium  ohloride. 
Sodium  sulphate. 
Cuprio  chloride. 

The  respective  proportions  in  which  these  salts  exist  in  the 
mixture  depend  upon  several  circumstances.  Malaguti  has 
shown  that  in  (^ses  of  this  kind  it  is  the  energy  of  the  affinity 
of  the  acids  for  the  bases  which  governs  the  decomposition. 
The  most  energetic  acid  tends  to  combine  with  the  most  power- 
ful base,  and  the  proportion  of  the  salt  thus  formed  predomi- 
nates in  the  mixture.  Thus  there  is  set  up,  as  it  were,  between 
the  elements  in  presence  a  sort  of  conflict,  in  which  the  stronger 
are  victorious,  while  the  weaker  are  not  altogether  annihilated. 
The  result  is  a  state  of  equilibrium  which  is  only  disturbed  in 
case  one  of  the  products  is  by  reason  of  its  insolubility  removed 
from  the  sphere  of  action  of  the  other.  The  latter  condition 
is  realized  in  the  following  experiments. 

When  barium  chloride  is  added  to  the  blue  solution  of  cupric 
solphate,  a  precipitate  of  barium  sulphate  is  immediately  formed, 
«id  cupric  chloride  remains  in  solution,  coloring  the  liquid 
green. 

CuSO*     +     BaCl*     =     BaSO*     +     CuCP 

Capric  lulpbate.  Barium  chloride.    Barium  sulphato.    Capric  chloride. 

In  this  case  the  decomposition  is  complete,  owing  to  the  in- 
solubility of  the  barium  sulphate.  That  salt  is  removed  by 
<»he8ion  from  the  sphere  of  action  of  the  compounds  which 
T^Quun  m  solution.     The  portions  first  formed,  and  thus  with- 
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drawn,  are  replaced  by  others,  and  the  reaction  onoe  oosmenoed 

18  finished  in  the  same  manner,  ao  that  the  whole  of  the  cnpiie 

sulphate  is  oonverted  into  barium  sulphate. 

A  concentrated  solution  of  common  salt  produoes  no  piee^ 

tate  in  a  concentrated  solution  of  magnesinm  sulphate.    Hov- 

ever,  we  must  admit  that  there  is  an  interchange  of  eieoMBl^ 

and  that  the  liquid  contains  four  salts,  namely : 

MagnMiam  talphftto. 
Sodium  chloride. 
Sodium  lulpbate. 
Magnetinm  ohloride. 

If  this  solution  be  exposed  to  an  intense  cold,  it  d^onts 
crystals  of  sodium  sulphate,  while  magnesium  chloiide  remiitf 
in  solution  (Balard).  Of  the  four  sidts  which  are  in  praeBoe 
of  each  other,  the  sodium  sulphate  is  the  least  solubk;  it* 
therefore  deposited,  and  the  double  decomposition  conturaei 
in  the  same  manner  until  the  greater  part  of  the  magneoiim 
sulphate  hajs  been  decomposed. 

The  subject  could  be  further  developed  by  other  examplefi. 
Those  which  have  been  given  are  sufficient  to  expose  the  trae 
principle  of  double  decomposition. 

We  may  add  that  if  the  operations  be  conducted  in  the  dij 
way  and  at  a  high  temperature,  the  volatility  of  the  prodnets 
which  may  be  formed  exerts  an  influence  upon  the  reictioDS 
analogous  to  that  which  has  been  established  for  insolttldi^- 

If  an  intimate  mixture  of  mercuric  sulphate  and  sodivn 
chloride  be  heated  in  a  glajss  matrass,  a  sublimate  of  meraine 
chloride  is  formed. 

HgSO*     +     2NaCl     =    Na»SO*     +     HgCl' 

Mercuric  tulpbfite.      Sodium  chloride.    Sodium  tulpluite.    Merennc  cMoiM^ 

Action  of  Soluble  Salts  upon  Insoluble  Salts.— The  itndj 
of  double  decomposition  may  be  concluded  by  a  summiiy  ^' 
position  of  the  action  of  soluble  salts  upon  insoluble  sslts.^  U 
is  analogous  to  that  which  has  just  been  studied,  that  is,  it  i^ 
characterized  by  a  tendency  to  an  interchange  of  elem^ts.  A 
single  example  will  be  sufficient. 

If  a  solution  of  sodium  carbonate  be  boiled  for  a  long  tiiD^ 
with  barium  sulphate,  it  is  found  that  the  latter  salt  has  undet* 
gone  a  partial  decomposition.     It  is  partially  converted  into 
barium  carbonate,  insoluble  like  the  sulphate,  and  the  liquid 
becomes  charged  with  a  certain  quantity  of  sodium  sulphate- 
BaSO*     +      ^VCO»      =      Na«SO*      +     BaOO» 

Bariom  ralphftto.     Bodiom  cftrtwnata.      Sodium  ralphtte. 


This  decomposition  is  more  complete  aa  the  proportioD  of 
sudiani  airtxinatc  vrhjch  react:)  upon  the  barium  sulphate  in 
increused.  Here,  as  in  some  oF  the  preceding  czperimeDta,  the 
influenoe  exerted  bj  the  greater  maaa  is  very  appreoiable. 

This  stndj  may  be  aptly  terminated  hy  HummHry  indications 

nihe  compoeiticin  and  properties  of  the  more  important 
of  salts,  which  arc  the  Ditrates,  sulphates,  and  carbonates. 

NITRATES. 

ConpoutioiL — Nitric  acid  containing  HNO",  the  nitrates 
contain  the  group  NO*  combined  with  a  metal  which  replaces 
itie  hydrt^n  of  the  acid.  Coneequcnllj  they  contain  one  or 
I,  NO*,  according  to  the  nature  of  the  metal  which 


liH  neutralized  the  nitric  acid. 
KOH    -j-     HNC 


Thus, 

KNO"        + 


HK) 


o- 


2.  PhO     +     2HN0'    =    Pb{NO')'  +     H'O 

PlamWi!  cmlil..  PIqdH-Ic  nllnls. 

BiniDlhle  hT<1nlr.  Bltinalb  IrlnllnitB. 

With  these  few  examples,  we  may  conclude  ; 

1.  That  potassium,  which  unites  with  one  atom  o 
In  fonn  potasaium  chloride,  K(.'l,  unites  alsii  with  o 
NO",  to  form  potassium  nitrate. 

i.  That  lead,  which  unites  with  two  atoms  of  chlorine  to 
fonn  plumbic  chloride,  PbCl',  unites  also  with  two  groupn, 
^(f,  to  form  plumbic  nitrate. 

3.  That  bismuth,  which  unites  with  three  stoma  of  chlorine 
'';  fonn  bismuth  trichloride,  BiCl',  unites  also  with  three  groups, 
!<0',  to  Form  bismuth  trinilnte. 


SHNO*    =    BicNO")'    +    3H'0 


f  chlorine 
ne  group. 


i  many  times 


In  Ibe  ghlaride  Bi"'CI>  I>i9inath  is  Iriatamiu. 

In  the  nitrates,  these  three  metals  play  the  same  parts  aa  in 
IDE  chlorides ;  and  we  may  say,  in  a  general  manner,  that  the 
^stalliu  nitrates  conUun  a  roetal  unil*;d  with  s 
"O"  K  the  metal  possesses  atomicities. 

In  K'(NO>)  monatomla  doIilkiuiid  is  aoitcd  with  NO* 

In  Pb"(NO=)»  dintomic  IBS'!  ii  unltfd  to  2X0' 

In  Bi'"ltIO')'  trintoniie  biimuth  is  united  to  SNO" 

8<uh  is  t^e  law  of  the  oomposirion  of  the  nitraUs. 


f 
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Fropertiea. — All  of  the  nitrates  are  soluble  in  water.  Some 
of  them  are  deposited  from  their  solutions  in  the  form  of  hj- 
dnted  ciystala.  Such  is  cupric  nitrate,  which  cr^stoIluEefl  witt 
six  molecules  of  water  at  a  low  temperattirc- 

Others  separate  in  anhydrous  cryBtale.  Such  are  the  mtnta 
of  potassium,  sodium,  silver,  barium,  and  lead. 

All  of  thu  nitrates  arc  decomposable  hj  heat,  and  the  pru- 
duds  of  the  deeumposition  vary  with  the  nature  of  the  nimi< 
und  with  the  temperature.  Thus,  potassium  uitrate  a  fiiS 
converted  into  nitrite,  and  this  U  finally  decomposed  inW 
nitr<^n,  oxygen,  and  potassium  oxide.  The  nitrates  of  bannm 
and  lead  yield  nitrogen  peroxide,  oxygen,  and  a  residue  of 
oxide.  Silver  nitrate  yields  nitrogen  peroxide,  oxygen,  ami  I 
residue  of  metal. 

SAgNO*  =  N'O'  +  O-  -j-  Ag" 

All  of  the  nitrates  liberate  oxygen  when  they  are  heil«l; 
rich  in  oxygen,  tbey  constitute  an  abundant  source  of  ^ 
element,  and  they  are  also  easily  reduced  by  bodies  pooMUJ 
a  strong  affinity  for  it. 

Sulphur,  ebareoal,  phosphorus,  and  certain  metals  are  cMf* 
getically  oxidized  when  heated  with  the  nitrates. 

If  sulphur  be  heated  with  potassium  nitrate,  polainii'' 
sulphate  is  formed,  and  sulphurous  oxide  and  nitro^a  "^ 
disengaged. 

2KN0'     +     S'    =    K'SO*     -f     SO*    +    N" 

When  powdered  potassium  nitrate  ia  thrown  upon  Immii^ 
charcoal,  the  salt  mellii  and  increaseH  the  combustion  •>!  tl>^ 


uharcoal,  producing  a  vivid  deflagration.    Polaasium  carbonitf 
is  formed  and  carbon  dioxide  and  nitrogen  are  disengaged. 
4KN0'     +     5C     =     SK'TO"     +     SCO'     +    SN* 

Potuilnni' nitrate.  Poluilam  arlunXg, 

SutinctiTe  Characters. — All  of  the  nitrates  deflagrate  »!ieii 
thrown  upon  incandescent  charcoal. 

With  concentrated  sulphuric  acid  they  evolve  white  TapoK"' 
nitric  acid  in  the  cold,  and  more  abundantly  when  the  rraetiM 
is  aided  by  heat.  When  mixed  with  copper-6iiugs  and  treil* 
with  concentrated  xulphurie  acid,  they  disengage  red  vapois- 

When  the  solution  of  a  nitrate  is  mixed  with  its  own  voluiW 
of  concentrated  sulphuric  acid,  and  a  crystal  of  ferrotis  sulpW* 
is  introduced  into  the  li(|uid,  the  crystal  very  soon  assumtf  » 
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brown  color  which  is  communicated  to  the  liquid.  In  this 
very  delicate  reaction  the  nitric  acid  is  reduced  oy  the  ferrous 
sulphate  to  nitrogen  dioxide,  which  colors  the  excess  of  ferrous 
Bolphate  brown  (page  154). 

The  solution  of.  a  nitrate,  when  treated  with  sulphuric  acid, 
will  decolorize  solution  of  sulphate  of  indigo  when  the  liquid 
tt  heated  to  boiling. 

SULPHATES. 

Composition. — Sulphuric  acid,  H'SOS  contains  two  atoms 
of  hydrogen  capable  of  being  replaced  by  a  metal.  When  both 
tte  replaced  by  an  equivalent  quantity  of  metal,  a  neutral  sul- 
phate is  formed.  An  acid  sulphate  is  formed  when  a  single 
one  of  these  atoms  of  hydrogen  is  replaced  by  a  single  atom  of 
BMtal.  The  hydrogen  of  the  acid  is  removed  by  the  oxygen 
of  the  metallic  oxide  or  hydrate  which  more  or  less  completely 
aturates  the  sulphuric  acid.     Several  cases  may  be  presented. 

1.  K'OH       +  H^SO*  =        ^  \  SO*        +  H^O 

Fotaisinin  hydrate.  Potawiuni  acid  sulphate. 

2.  2K'0H     +     H'SO*    =      K'^SO*      +     2H>0 

Potawlum  sulphate. 

3.  Pb"0       +     H^SO    =:     Pb"SO*     +     H^O 

Plumbic  oxide.  Plumbic  sulphate. 

(  H'SO  (  SO* 

4.  (Al^)-0»     +    ]  H^SO*  =  (AP)^'  ]  SO*  +  3H^0 

(  H^SO*  (  SO* 

Aluminium  oxide.  3  molecnlee.        Alumluium  sulphate. 

These  examples  show  that  all  of  the  sulphates  contain  the 
S^oup  SO*,  which  in  sulphuric  acid  in  united  with  two  atoms 
^hydrogen.  This  group  is  diatomic;  it  in  necosHary,  then, 
^in  the  sulphates  it  shall  be  united  with  a  quantity  of  metal 
*piivalent  to  two  atoms  of  hydrogen. 

1.  In  the  acid  sulphates  it  is  united  with  an  atom  of  hydro- 

gen  and  an  atom  of  a  monatomic  metal,  tt  [  SO*. 

2.  It  is  united  with  two  atoms  of  a  monatomic  metal  in  the 
»»«ited  sulphates  R^SO*. 

3.  With  one  atom  of  a  diatomic  metal  in  the  neutral  sul- 
phates M"SO*. 

These  cases  are  very  simple.     It  is  not  so,  however,  with 
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the  fourth,  in  which  we  consider  the  saturation  of  snlphurii 
acid  by  an  oxide  R'C,  such  as  ferric  oside  or  alutainic  oiide. 
Each  of  the  three  atoma  of  oxygen  of  the  oxide  RH)*  remom 
H'  from  a  molecule  of  H'SO',  and  it  results  that  the  melii 
which  was  combined  with  30",  combines  with  3(80')".  The 
two  atoms  of  metal  which  are  subetituted  for  3H'  in  three  mol- 
ccoleH  of  H'SO'  are  then  equivalent  to  6  Moms  of  hydrogea. 
They  are  hesatomie,  oa  is  marked  by  the  index  ''. 

Properties. — The  ijulphutes  are  nearly  all  soluble  io  witet. 
Those  of  barium,  strontium,  and  lead  arc  insoluble.  The  aai- 
phates  of  calcium  and  silver,  and  mercuroua  sulphaU  m  bnl 
slightly  soluble. 

The  alkaline  sulphates,  and  those  of  calcium,  b^nm,  stron- 
tium, magnesium,  and  lead,  arc  un decomposable  by  heat  Tlu 
others  are  decomposed  at  a  liigh  temperature.  A  residue  nf 
oxide  generally  remain.'^,  while  sulphurous  oxide  and  oi^ 
are  disengaged.  The  Bulphales  of  iino  and  copper  are  [hm 
decomposed  at  a  high  red  heat. 

CuSO*    ^  SO'  +  0  +     CuO 

CoprlD  •aL|jbits.  Oaprie  oildi. 

In  case  the  oxide  is  reducible  by  heat,  the  residue  ODnsM 
of  metal. 

Upso*  =  Hg  +  so*  +   0* 

Hercurlc~.ul|i)iil«.       Menu  17. 

The  sulphates  G'iSO'/  are  decomposed  at  a  compantiTw 
low  temperature,  diseDga<;ing  vapor  of  sulphur  trioxide  f^ 
leaving  a  residue  of  sesquioxide. 

Fe'iSO')'    =     Fe'O"    +     380" 

Fotrlii  nilpbjlo.  fHTic  oilde.      Snlphnric  mW*. 

The  sulphates  are  easily  reducwl  by  bodies  avid  of  oij^""' 
such  as  charcoal. 

If  an  intimate  mixture  of  potassium  su1phat«  with  an  ei<X0 
of  charcoal  be  heated  to  bright  redness,  and  allowed  locoiil<i'>' 
of  contact  with  the  air,  a  black  powder  is  obtained,  which  pi^' 
duces  a  shower  of  sparks  when  projectijd  into  the  air.  i'  ■* 
the  pjrophorona  of  Gay-Lu.'aac.  It  owes  its  spontaoeniu  i"" 
flammability  on  contact  with  the  air  to  finely-divided  potasuu"' 
sulphide  which  it  contains,  nud  which  attracts  oxygen  with  pf* 
avidity.  The  sulphide  ia  formed  according  to  thtt  follonnK 
reaation : 

K'SO'     -I-     iC     =     4C0     +     K*S 

PoUnliiin  mlphiiU.  Pota^iu  MlpUM 


In  the  Hsme  manDer  barinm  salphatc  and  caluiura  Kulphate 
are  converted  into  sulphides  by  the  action  of  vhoreoal  al  a  high 
temperature. 

The  other  sulphates  arc  also  reduced  under  the  saiui;  inrunm- 
Blanow,  but  the  prixlucta  vary;  carbon  dioKido  or  carbon  mon- 
diide  ;inil  HulphiirouH  oxide  are  disengaged,  and  the  rcsidae 
ron«istB  of  either  oxide  or  metal. 

DistiiictiTe  Characten. — When  treal«d  by  sulphuric  acid, 
the  su]pba:«»  do  nol  evolve  any  gaa.  They  do  not  deflagrate 
when  thrown  upon  burning  charcoal.  Their  Holuliona  give  a 
nhite  precipitate  of  barium  uulphate  with  barium  nilraic,  which 
ie  insoluble  in  nitrie  acid.  When  this  precipitate  is  washed, 
dried,  and  calcined  with  an  eacees  of  charcoal,  it  leaves  a  reai- 
dae  of  barinm  sulphide,  and  when  this  is  moistened  with  hy- 
drochloric acid,  it  evolves  hydrogen  sulphide,  which  is  easiiy 
recognized  by  its  odor. 


CARBONATES. 

Oompoaitioo. — Carbonic  acid  is  dibasic,  like  sulphuric  acid. 

Il  in  not  known  in  the  state  of  hydrate,  end  the  carbonates  are 

furmed  by  the  direct  union  of  carbon  dioxide  with  the  metallic 

oiiJes  or  hydratee. 

When  freshly-burnt  lime  is  esposed  to  the  air,  it  attract*  at 
the  same  time  the  moisture  and  the  carbonic  acid  gas  of  the  air, 
Md  is  converted  into  carbonate, 

CO"     +     CaO    =    CaCO" 

The  csrbunates  then  contain  the  group  CO*  combined  with 
>  metal.  In  carbonic  acid,  this  p-oup  would  be  united  with  two 
atoms  of  hydrogen,  The  composition  of  the  more  simple  car- 
bwiUes  is  expressed  by  the  following  formulas: 

»HIC(P  nrbmiic  ius)<I  (unknown]. 
g'  I  CO*  Mid  »rban>t«  (dicarbolmUa). 
R^CO*  DeBlr»l  c>iirhoniai.-i, 
1I"C0>  neutml  i!arbonlti!i>. 

In  theee  forrautie.  R'  repreHPnts  a  monatomic  metal,  such  as 
[wtiwsinm,  which  is  ef|nivalent  to  one  atom  of  hydrogen.  M" 
^presents  a  diatomic  metal,  soch  as  calcium,  which  is  ei^uiva- 
Wt  to  two  atoms  of  hvdrogcn. 

Fnpotiw. — Only  the  alkaline  i-arbonattH  arc  Roluble  in  pure 
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water.     The  others  are  insoluble,  but  thej  dkaolTe  in  water 
charged  with  carbonic  acid. 

The  soluble  carbonates  possess  an  alkaline  reaction.  It  is 
the  same  with  the  acid  carbonates  of  the  alkaline  metals,  wliidi 
are  ordinarily  called  bicarbonates,such  as  potassium  dicaibonate 
KHCO*. 

All  of  the  carbonates  except  the  alkaline  carbonates  are  de- 
composable by  heat.  In  this  decomposition  carbon  dioxide  is 
disengaged,  and  there  remains  a  residue  of  oxide,  or  of  metil 
in  ease  the  oxide  be  reducible  by  heat.  Thus,  the  carbonito 
of  magnesium,  calcium,  zinc,  lead,  and  copper  leave  a  reeidoe 
of  oxide  ailer  calcination ;  silver  carbonate  leaves  a  residue  of 
metal. 

Barium  carbonate  is  but  slowly  decomposed  at  a  white  heat; 
its  decomposition  is  facilitated  by  heating  it  in  a  current  of 
steam. 

Bodies  avid  of  oxygen  act  upon  the  carbonates  as  upon  the 
oxides ;  the  metal  is  reduced  if  the  base  be  reducible.  Chsr- 
coal  acts  in  this  manner  upon  the  carbonates. 

If  cupric  carbonate  be  heated  with  charcoal,  carbon  dioxide 
is  disengaged,  and  metallic  copper  remains. 

2ruC0*    +  C  =  3C0»  +  2Cu 

CuprIc  carbonate.  Copper. 

« 

In  this  experiment  carbon  dioxide  is  disengaged,  for  cupnc 
oxide  is  easily  reducible  by  charcoal.  It  is  not  the  same  with 
potassium  oxide ;  hence  potassium  carbonate  is  only  reduced 
by  charcoal  at  a  very  high  temperature  with  disengagement 
of  carbon  monoxide. 

KTCy  +  2C  =  3C0  +  K' 

When  barium  carbonate  Is  heated  with  charcoal,  carbon 
monoxide  is  disengaged  in  the  same  manner,  but  there  remains 
a  residue*  of  barium  oxide,  for  the  latter  is  irreducible  by  char- 
coal. 

BaCO^  +  C  =  2C()  +  BaO 

Phosphorus  decomposes  all  of  the  carbonates. 

A  small  pi(^ce  of  phospborus  may  be  placed  at  the  bottom 
of  a  small  test-tube,  and  tbe  latter  then  nearly  filled  with  well- 
dried  sodium  carbonate.  The  part  of  tbe  tube  ctmtainmg  tb* 
carbonate  being  beated  to  redness,  the  phosphorus  may  "^ 
heated  ho  that  its  vapor  will  pass  over  the  incandescent  cor- 
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bDDite.  The  Utter  will  be  decomposed  with  the  formation  of 
todmm  phosphate  and  a  deposition  of  carbon.  Afler  cooiin);, 
the  oonteniA  of  the  tube  will  ho  black. 

The  experimeDt  may  b«  repeated  upon  calcium  carbooale. 
The  |>ho8phunis  bt  yliavd  tu  a  Hmall  crucible,  which  is  then 
introdncvd  iuto  a  isirgnt  uue.  The  calcium  iiarbouato  (ehallcj 
«  tfacD  placed  upon  the  Hd  of  the  smaller  crucible,  which  u 
tuned  with  holes.  The  lurangement  is  heated  upon  a  duuble 
gnle,  «o  that  when  the  chalk  has  been  brought  tu  iticaiideo- 
Kue,  the  vapor  of  phoHphorus  may  be  t-anetA  tu  ])hmk  through 
Ubfplaang  some  hot  cuabi  ujmn  Uiu  lower  grate.  The  uhuk 
u  npidl)'  decomposed,  carbon  monoxide  is  dtaeugii(;ud,  and  a 
■oiunre  of  calcium  pbo«phat«  and  phosphide  in  formed.  Thia 
■xiitnie  »ervo8  for  the  preparation  of  hydrogen  phosphide. 

OiitillotiTft  Chsraoters. — When  treated  with  t^utphurie  acid, 
ibe  arbouales  diitengiige  a  colorless,  iDcombustible  giw,  which 
^ningaishes  burning  bodies  and  produces  a  milkiiie^  when 
tgitiud  with  Ume-water. 

CLASSIFICATION   OF  THE  METALS. 

In  the  preceding  pages  we  have  studied  the  composition  an<1 
IlKgenenil  properties  of  metallic  compounds.  This  study  han 
KvciJed  the  fact  that  the  metaU  possess  very  different  uptttudes 
■oflffmcuntponnds,  and  1,-arious  capacities  of  combination,  which 
•«  nanifeated  by  the  greater  or  less  number  of  other  atoms 
vluch  the  at«)m!i  of  these  metals  can  attract.  In  this  respect, 
the  differences  existing  belireen  the  metals  are  analogous  tii 
'W  which  we  have  already  remarked  between  the  metalloids. 
%  romparing  the  metals  among  themselves,  some  arc  disoov- 
'Ki  which  resemble  each  other  in  the  general  structure  of  the 
"wipoands  which  they  are  capable  of  fonning,  and  such  can 
°3luallj  be  classed  in  the  same  gronp,  On  this  plan  the 
"Ktala  lire  divided  into  several  families  analogous  Ut  those  first 
P^npiiaed  by  Dumas  for  the  met4dloids,  ami  it  will  be  seen  that 
Uk  ^•Dcral  compoHition  of  the  metallic  compounds  funiislies 
"n  elements  for  a  natural  ctassifi cation  of  the  mel^.  While 
wii  principle  is  eseellent,  ttJ4  application  is  attended  with  some 
initios  which  chemistry  hns  not  yet  been  able  to  solve. 
t^WKquontly,  ibis  chapter  must  lie  limited  to  summary  indi- 
*iDiM  upon  the  subject. 

Some  of  the  metals  are  incapable  of  combining  with  more 


280 


SLmSlTTS  OV  XODIKN  OHSMIBnT. 


than  a  single  atom  of  ohlorine,  bfomine,  or  iodine.  Tbt  «o» 
ponnds  thos  formed  oorroBpond  in  their  atomic  oonatitiitioB  to 
hydrochloric,  hydriodic,  and  hydrobromic  acids.  On  compiling 
potassium  chloride  or  silver  chloride  to  hydrochlorio  add,  it 
will  be  seen  thsit  an  atom  of  potassium  or  an  atom  of  alfv 
occupies  in  them  the  place  occupied  by  the  hydrogen  of  the 
acid.  The  atoms  of  potassium  and  of  silvei^are  therefoie 
equivalent  to  the  atoms  of  hydrogen  as  far  as  their  CKfaaij 
of  combination  is  concerned.  The  other  alkaline  mettk,  ma 
as  sodium  and  lithium,  are  similar  and  belong  to  the  samegnvpi 
Their  chlorides,  bromides,  and  iodides,  which  are  arranged  it  the 
following  table,  present  analogous  compositions : 


Mohatomic  Krau. 

MovAiono 
Onuausm. 

MovAfomc 
BaoiuBii. 

MonauBB 

Potassium  E' 

Sodium  Na' 

Lithium  Li' 

Silver  Ag' -  . 

H'Cl 

EBr 

HI 

KI 
Nil 
UI 
Agl 

KCl 

NaCl 

LiCl 

AgCl 

EBr 
NaBr 
LiBr 
AgBr 

These  metals  form  oxides  whose  atomic  constitutions  eott^ 
spond  to  that  of  water,  each  containing  two  atoms  of  metal  for 
one  of  oxygen.  Their  sulphides  correspond  to  hydrogen  sul- 
phide, containing  two  atoms  of  metal  for  one  of  sulphur.  With 
the  oxides  and  sulphides  we  may  group  the  hydrates  aw 
sulphydrates,  which  possess  analogous  atomic  constitutions. 

Ttpk  n«0.  TTPg  H>B. 


OxfDKH.  HyDRATKS.                     Mo!f06ULPBIDBS.   SULPHTMAf*** 

K^O  KOH                              K*S                     KSH 

Na^O  NaOH                            Na^S                   5aSH 

Ag«0  ^                     Ag«S 

The  same  analogy  is  continued  between  the  salts  of  tbeie 


>  Wislicenus  has  shown  that  the  constitution  of  certain  doable  silti  w 
silver  can  be  understood  only  by  considering  that  this  metal  is  dists*^ 
and  that  its  compounds  are  analogous  to  the  cuprous  oomponnds.  f^ 
convenience  of  study  it  is  preferable  to  consider  silver  ai  a  monatiMite^ 
ment,  and  its  compounds  then  become  analogous  in  ftmotare  to  thoMj* 
potassium  and  socUum.  Moreover,  this  classification  is  in  a  measare  ji^' 
fled  by  the  Isomorphism  of  corresponding  compounds  of  lilTer  and  poturf"** 
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letab,  as  will  be  seen  from  the  nitrateB  tnd  ralphates  whioli 
re  tike  as  examples. 


Vmio  Acii»,  HNO*. 

SvlphvbicActd,  H<90«. 

NlTBATBS. 

KNO> 

NtNO* 

AgNO* 

Sulphates.     Aav  Sulphates. 
K«SO*                  KHSO* 
NaffiO*                 NaHSO* 
Ag^O* 

It  18  seen  that  in  all  of  these  compounds  the  metals  under 
ioinderation  replace  hydrogen  atom  for  atom ;  each  of  them 
^mmes  the  same  capacity  of  combination  as  that  gas.  They 
ire  add  to  be  moncUomtc, 

Certain  other  metals  manifest  a  double  capacity  of  combina- 
tion; one  atom  of  any  of  these  is  capable  of  replacing  two 
rtoms  of  hydrogen,  consequently  it  can  combine  with  two 
itonu  of  chlorine,  bromine,  or  iodine,  or  with  one  atom  of 
oxygen  or  sulphur.  In  the  chlorides  of  these  metals,  the  two 
itomicities  of  the  metal  are  satisfied  by  the  two  atomicities  of 
two  atoms  of  chlorine.  In  their  oxides,  the  two  atomicities 
of  Ae  metal  are  satisfied  by  the  two  atomicities  or  bonds  of 
affinity  which  reside  in  one  atom  of  oxygen.  These  nietabi  are 
Aen  diatomic.  They  are  quite  numerous  and  can  be  divided 
into  several  groups,  one  of  the  most  natural  of  which  com- 
pnses  barium,  strontium,  calcium,  and  lead.  The  following 
^\e  shows  the  constitution  of  the  principal  compounds  of 
^^  metals : 


1 

IHaiowc  Metals. 

CHLOEIVBk 

OZIDKE. 

1 

NiTRATes. 

2HN03 

Sulphates. 
II^SO* 

2HC1 

H»0 

Barium  Be"    . 

BeCIS 

BeO 

Ba(NO«)» 

BaSO* 

Strontium  Sr" . 

SrCP 

SrO 

Sr(N0»)2 

SrSO* 

CileiumCE"    . 

CeCI* 

CeO 

Ca(N03)« 

CoSO* 

UdPb"    .     . 

PbCl« 

PbO 

Pb(N03)2 

PbSO* 

The  metals  of  this  group  combine  with  oxygen  in  two  pro- 
portions, forming  not  only  the  monoxides,  KO.  but  also  the 
^oxides,  RO*.  They  thus  form  two  oxides,  while  they  are 
capable  of  forming  but  one  chloride,  RCP.  Thus,  barium 
fcrms  a  monoxide,  BaO,  a  dioxide,  BaO*,  and  a  dichloride, 
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Bad' ;  bat  no  tetraehlorida  of  barium  is  knowD,  and  it  ii  not 
probable  tbat  barium  can  aot  as  a  letntomio  element.  How  ii 
it,  tbeo,  tbat  m  the  dioxide  this  metal  can  oombine  with  tVD 
atoms  of  oxygen,  while  it  cannot  oombine  with  fbnr  afeomi  of 
chlorine,  which  are  equiTalent  to  two  atoms  of  ozjgen?  Ii 
other  words,  what  is  the  atomicity  of  bariam  in  toe  dioxidi 
which  would  seem  to  correspond  to  a  tetradilorideT  It  ii 
undoubtedly  diatomic  in  the  dioxide  as  it  is  in  the  monoxide, 
and  the  constitution  of  barium  dioxide  is  analogous  to  that  of 
hydrogen  dioxide,  which  has  already  been  indicated.  Ibe 
two  atoms  of  oxygen  mutually  satisfy  two  of  their  atomieitia 
by  combining  together,  and  they  retain  two  which  are  neatnt 
izcd  in  combining  wiUi  the  diiU4)mic  atom  of  barium.  TliQi^ 
in  barium  monoxide  one  atom  of  oxygen  is  joined  to  one  aton 
of  barium  by  both  of  its  atomicities;  in  the  dioxide  two  atom 
of  oxygen  are  united  to  one  atom  of  barium,  each  by  one  aton- 
icity.  If  wc  represent  the  saturation  of  two  atomicitieB  bj  ft 
straight  line,  as  has  before  been  explained,  we  will  have  die 
following  formulae : 

Ba=0  Ba 

Bariam  monoxide.  /S. 

o-o 

Bariam  diozid«. 

In  this  manner^  theory  enables  us  to  fix  the  relations  exie^ 
between  the  at^ms  in  a  given  body. 

The  comparison  may  be  continued  between  the  other  diatomic 
metals.  Magnesium,  the  radical  of  magnesia,  somewhat  resem- 
bles calcium  in  its  relations,  and  forms,  as  it  were,  the  oentie 
of  a  group  including  magnesium,  zinc,  cobalt,  and  nickel,  airf 
which  is  called  the  magnesium  group.  Manganese  and  iron,OB 
one  hand,  and  copper,  on  the  other,  seem  to  join  this  groop  ^ 
certain  of  their  characteristics.  In  their  most  stable  and  gen- 
erally their  most  important  compounds,  these  metals  aot  tf 
diatomic  elements.  All  form  the  dichlorides  RCl'  and  the 
oxides  110.  But  in  other  compounds,  manganese  and  VN^ 
seem  removed  from  the  metals  of  this  group,  and  resemU^ 
chromium  and  aluminium.  Copper,  which  resembles  magne' 
slum  in  the  series  of  cupric  compounds,  approaches  m&ffBX] 
in  the  cuprous  series. 

Bismuth,  which  might  be  classed  with  antimony,  and  goU 
are  triatomic  in  their  most  important  combinations,  ftej 
form  the  chlorides  BiCl*  and  AuCl*. 
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A  certain  namber  of  the  metab  may  be  grouped  together  as 
tdraUmUc^  since  they  manifest  foar  atomicities  in  their  principal 
eombinations.  They  are  tin,  titanium,  and  sirconium.  They 
form  the  chlorides  RCl^  and  the  oxides  RO*.  In  stannic  chlo- 
lide,  SnCl*,  the  tin  is  saturated  with  chlorine,  of  which  it 
QNmot  combine  with  more  than  four  atoms ;  it  is  tetratomic 
ID  this  saturated  compound.  But  it  may  combine  with  only 
tio  atoms  of  chlorine,  thus  forming  the  chloride  SnCl*,  which 
is  not  saturated,  for  it  can  still  fix  two  more  atoms  of  chlorine. 
Cb  only  manifests  two  atomicities  in  the  dichloride. 

In  the  same  manner,  ferrous  chloride,  FeCl*,  can  absorb 
dilorine,  becoming  ferric  chloride.  The  latter  contains  two 
atoms  of  iron  and  six  of  chlorine.  These  two  atoms  of  iron 
exist  in  all  the  ferric  compounds ;  together  they  manifest  six 
atomicities,  for  in  ferric  chloride  they  are  united  with  six  atoms 
of  chlorine.     They  constitute  a  hexatomic  couple. 


COMPOUKDS. 

Cblobidks. 

OxiDia. 

SULPHATU. 

Ferric 

MftDganic 

Chromio 

Alnminio 

Fe«CI« 

Cr«Cl« 
APC1« 

Fo»0* 
Mn»0» 
Cr«0« 
A1«0» 

Fe»(SO*)« 
Mn»(SO*)» 
Cr«(SO*)» 
AP(80*)» 

The  following  table  gives  a  r^8um6  of  the  constitution  of  the 
principal  metallic  combinations.  The  metals  there  chosen  as 
examples  have  different  atomicities.  The  hexatomic  couple, 
^^nsisting  of  two  atoms  of  iron,  may  for  convenience  be  called 
ferricum. 


MKTAUi. 

Chmiides. 

Oxides. 
K20 

NnHATES. 

KNQS 

SVLPIIATKS. 

Voutomic  metal— PotaMium  K'     . 

KCT 

KaSO* 

INitooiic  metal— Barium  Ba''.    .    . 

BaC12 

BaO 

Ba(N03)3 

BaSOi 

Vrtitottie  metal— Bismuth  Bl^  .    . 

BICIS 

BIK)S 

Bi(N08)» 

BH(804)S 

'^trUomic  metal— Tin  Sniv    .    .    . 

SnCli 

8nO« 

j  Bcutomie  groop— Farrieom  (?«>)▼* 

re«ci« 

Fe«0» 

FeS(M09)S     FeS(SO«)S 
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Suoli  are  the  prinoiples  fimished  by  the  tfaeoiy  of  atoaucitj 
for  a  rational  dassifioatioD  of  the  metah. 

MsMBXLUKrr^s  Thsobt. 

Within  reoent  years  the  labors  of  a  Rassian  ehemis^  Hsi- 
delejeff,  have  developed  inteiesting  rdations  between  the  •tomie 
weights  and  properties  of  the  elements.  He  has  shown  tint 
the  properties  are  funodons  of  the  atomie  weights,  and  tbattk 
functions  are  periodic.  This  relation  is  not  a|if>licable  to  a 
limited  group  of  elements,  but  extends  throughout  the  whole 
series,  and  consists  not  in  oertain  analogies,  bat  in  the  fssatni 
physical  and  chemieul  properties  taken*  together. 

If  the  elements  be  arranged  in  the  order  of  thor  atoaie 
weights,  it  will  be  noticed  that  these  latter  increase  gndiillj 
by  only  a  few  units,  and  also  that  the  properties  of  the  eleoMti 
are  gradually  modified  with  the  increase  in  atomie  weighta 
The  modifications  are  not,  howcTcr,  continually  progreMiTe,te 
are  developed  in  several  series. 

The  differences  between  the  atomic  weights  of  neigbboriog 
elements  are  not  equal,  but  are  sensibly  so,  and  where  tben 
differences  are  excessive  it  is  probably  owing  to  the  eziatfliee 
of  undiscovered  elements.  Mendelejeff  predicted  the  existeiioe 
of  several  such  elements,  and  at  least  three  of  the  lacnns  hm 
since  been  filled  by  the  discovery  of  gallium,  scandiom,  tti 
germanium.  The  hypothesis  is  then  certainly  worthy  of  len- 
ous  consideration  in  all  attempts  to  classify  the  dementSi 

The  theory  may  be  best  explained  by  considering  an  euanj^ 
of  the  periodicity  on  which  it  rests. 

Let  us  study  the  first  fourteen  elements  after  hydrogen  v 
the  order  of  their  atomic  weights. 

We  have  here  two  groups,  in  each  of  which  the  dianp* 
physical  and  chemical  properties  is  markedly  progressive  with 
the  increase  in  atomic  weight.  The  densities  gradually  iuciei* 
to  the  middle  of  each  series,  and  then  decrease  to  the  end.  The 
atomic  volumes,  which  are  the  quotients  of  the  atomic  wdfd^ 
by  the  densities,  gradually  decrease  to  the  middle  of  the  eerieii 
and  then  augment.  The  volatility  also  diminishes  fh>m  lodiiB 
to  silicon,  and  again  increases  to  the  end  of  the  series. 


Li -7. 

Gl  -  9.4. 

Bo -11. 

C-12. 

N-14.   0-16. 

Na  -  23. 

Mg  =  24. 

Al  -  27.3. 

Si  -  28. 
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N». 

Mg. 

AL 

SL 

P. 

S. 

CL 

Denrititf    .... 

.    0.97 

1.76 

2.07 

2.49 

1.84 

2.00 

1.38 

Atomie  volumes  .     . 

24 

14 

10 

11 

10 

10 

27 

The  atomicity,  or  combiniDg  capacity,  as  indicated  by  the 
Dumber  of  atoms  of  hydrogen  or  chlorine  with  which  one  atom 
of  the  elements  combines,  displays  a  similar  periodicity. 

UCL       GlCl*.       BoCl*.  CH*.       NH».     OH^     FIH. 

NiQ.      MgCl'.      AlCl'.C?)      SiCi*.      PH».      SH«.     CIH. 

The  oxygen  compounds  show  a  similar  progression. 
LrK)      6l«0'       BoK)»       CO*        N'O*       


NtH)      Mg*0*      Al*0»       Si*0*       PO*       S«(/        CPO' 

The  nnmber  of  oxygen  atoms  with  which  a  constant  number 
of  atoms  of  elements  of  these  series  can  combine,  regularly 
inereases,  and  the  properties  of*  the  oxides  undergo  a  gradual 
modification.  Those  at  the  beginning  of  the  series  form  pow- 
erfal  bases ;  the  intermediate  oxides  are  indiffereot,  while  the 
latter  members  form  strong  acids. 

That  which  characterizes  these  variations  is  that  they  occur 
b  the  same  manner  in  the  two  groups,  so  that  the  first  member 
of  the  first  series  (Li)  corresponds  to  the  first  member  of  the 
ttoond.  These  two  series  form  the  first  two  periods  of  Men- 
Mejeff,  who  has  shown  that  these  series  or  periods  can  be  ex- 
tended throughout  the  whole  list  of  elementn,  and  that  the 
properties  of  the  elements  are  in  periodic  relations  vxith  their 
^^imic  weights. 

It  must  be  remembered,  however,  that  the  atomicity  of  the 
dements  is  not  absolutely  fixed,  but  depends  upon  the  nature 
of  the  atoms  which  are  combined,  and  we  must  classify  each 
dement  according  to  the  chemical  analogies  of  its  more  ordinary 
^od  more  general  combinations.  Thus,  lead  is  undoubtedly 
tetratomio  in  many  compounds,  among  which  is  a  chloride 
PbCl*,  but  its  more  ordinary  compounds  PbO,  PbCl^  etc.,  jus- 
tify its  consideration  with  diatomic  elements.  Wisliccnus  hus 
^own  that  some  of  the  compounds  of  bilver  can  be  understood 
only  by  considering  silver  as  a  diatomic  metal,  in  which  two 
itoms  form  a  couple  that  always  enter  together  into  combina- 
tions; thus,  -Ag-Ag-.  But  it  is  more  satisfactory  to  con- 
sider this  element  as  monatomic,  as  indicated  by  its  analogies 
with  the  group  of  alkaline  metals. 
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POTASSIUM. 


PotB8»um  w»  discovered  by  Sir  Humphry  Davy  in  180?. 
It  ordiDiirily  occutb  in  cummerco  io  gra;,  globulur  moHBcs, 
readily  yieldiog  to  tlio  pressure  of  the  nail,  It  has  i 
luniehed  appcaraaee,  but  when  frcflhly  cut  it  exposes  a  brilliM 
Rorface.     It  is  the  inetdlie  THdicnl  of  potneh. 

If  a  fragment  of  this  metal  be  thrown  into  wat«r,  it  at  o 
lakes  fire  uuil  rushea  nbout  on  the  surface  of  the  liquid,  hum- 
tu^  witli  a  violet  flame.     Finally,  it  disappears  with  n  little 
lon, 

ti  brilliant  phenomenon  is  due  to  the  energy  witb  whioll 
Din  decomposes  vuter. 
SHK)  -t-  K'  =  2K0H  +  H' 
hydrogen  which  is  disengaged  is  inflamed  by  the 
t  tnotal.  The  potassium  hydrate  formed  ullimal«)y  dis- 
Folree  in  the  water,  but  its  temperature  being  very  hi>:h  at  the 
mument  of  its  solution,  and  its  combination  vrilh  the  wuter 
also  producing  heat,  there  results  a  sudden  formation  of  steam, 
which  gives  rise  to  the  little  explosion.  J 

Freparatioii  sud  Properties. — Potassium  is  prepared  b« 
decoiDpoaing  poUuniutu  carbrjiiatc  by  carbon  at  u  high  temperwl 

KTCP    +     20    =     SCO    +     K'  I 

The  tniictitrc  is  heated  to  whiteness  in  an  iron  retort  and  th«^ 
Tapors  are  passed  into  a  copper  receiver.     The  pottiaaium  dis- 
tils  and  condenses  in  globules  or  irre^:ular  masses,  still  contsin- 
ing  charcoal  and  a  blnck  substance,    It  is  puriliod  by  redistillft- 
tion  in  an  iron  retort,  and  is  condensed  in  a  eopjier  receiver 
filkd  vilh  naphtha,     The  nianufai'tnnt  of  potaseinm  is  u  da»>J 
f^aoas   operation.     It  is  aecompunied  by  the  fommiion  o^l 
variuDs  accessory  produuts.  amon^  which  is  u  block  subslanofl 
whieh  soDielimes  explodes  spontaneously  on  contact  with  tlUH 
air.  fl 

Puiaasimu  melts  at  62.5°  (Bunaen).  It  hnil^i  at  a  red  heiU^ 
ud  its  vapur  is  ^'cn.  Wlien  exposed  to  the  air,  it  rapid^fl 
absiirhii  oxygen  uud  at  the  same  time  deeomposcs  the  atmo^l 
phnic  muulnre.  It  inflames  at  a.  temperature  but  sligh^]fl 
elerstod  and  hecomee  converted  into  oxide.  ^M 
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POTASSrUM   OXIDES. 

Puliutiiim  iiuiiwridE,  K'O,  U  formed  when  thin  piet**  uf 
ilie  iiiptal  arc  Hban(li)ned  ta  ibu  action  of  drj  air,  or  when 
[H>la;4siuiu  hydrutti  m  heated  with  pola^ium. 
2K0U  +  K'  =  iKH)  +  H' 
U  is  a  grayii>h-nhit«  aubstanee  which  unitvs  with  waiter  witli 
fxtreme  violence,  forming  potaasiuiu  hydrate. 
K'O  -f  H'O  =  2K0H 
A  tetroxide  of  polasBium,  K'O',  is  tunned  when  potnfflnm 
is  heated  in  an  czL-esit  of  oxygen,  but  it  is  little  known. 

POTASSIUM  HYDRATE,  OR  CAUSTIC  POTASSi. 
KOH 
This  important  compound  is  prepared  by  boiling  1  pMl  "f 
potassium  carbonate  with  12  parte  of  water,  and  ^^ladiulljr  t^ 
ing  niillc  of  lime  to  the  boiling  liquid.  The  liiue  oomboiei 
with  the  carbouic  acid  forming  an  insolubb  carbonilfl,  vhUt 
tho  potaaea  remains  in  solution. 

K'CO*     +     CalOn,'     =     CaOO"     +     2K0H 

When  the  decumpositioo  is  finished  the  \v\mA  is  all(>if9lw 
settle,  and  the  clear  solution  decanted  imd  rapidly  e 


The  reaidne  is  melted  in  a  silver  dish  and  pouted  out  upon  1* 
stone  alaba  or  cast  in  cjUndrieal  metallic  monlds  ( Fig.  97)- 

This  product  is  known  as  pntanh  hi/  lime.      It  b  impo* 
By  trealini^  it  with  alcohol,  which  dissolves  only  the  pulaauiB 


bydnte,  it  miy  be  purifieil  from  lime,  and  the  salts  of  potas- 
kIudi  it  ni^r  ixintain,  and  eapeuially  the  carboDatc,  which  is 
funned  by  the  al)siirpii(in  of  carbonic  acid  ga§  troui  the  air 
dicing  the  evaporutJDD.  The  ulcar  uioholii!  solution  ie  decanted, 
mil  sher  the  alcohol  has  beeo  eipelled  bj  diHtillatiun.  the  resi- 
de La  evaporati>d  to  drynew  and  fused  in  a  silver  disU.  It  U 
hown  08  jK't'ink  fit/  alcohol. 

Becentlj-ftised  potassium  hydrate  oeonrs  as  opaqne,  vhit« 
Ingmenbi  having  a  short  fibrous  fracture  and  a  densily  of  2.1. 
Ii  melts  at  a  red  heat  and  voktitixus  at  wbiteiieBB ;  it  It  not 
taflttipoaed  by  heat.  When  exposed  to  the  air,  it  ahsorlw  moist- 
ure and  earbonic  acid  gas,  and  dcli<|nt!eccs.  It  is  very  wilublc 
in  water,  «nd  produuce  heat  in  dinMolviiit;.  A  hydrate,  KOH 
+  SHHJ,  is  deposited  from  its  hot  and  very  L-oncenlrat^d  ttolu- 
lioii  in  a(.-ute  rhombuhedni. 

Potassium  hydrule  is  deonmposed  by  iron  at  a  whit«  heat: 
"tide  of  iron  is  iiinned,  and  hyilro^un  and  [totaaaium  vapor  are 
Jisengaged.  Oay-Luasuc  and  ThcnBrd  founded  u  process  for 
'^  Itrepnration  of  potassium  on  this  documposition.  Until  then 
■ie  metal  had  only  been  obtained  in  small  i|uantilie8  by  Davy 
tjtfau  e]eetn>lysis  of  potaaduin  hydrat«. 

Putassium  hydrate  is  very  caustic.  It  sof\ens  and  destroys 
llie  akin,  and  for  this  purpose  isemployeil  in  sur^^ry  as  a  caustio. 
ItmaniicHts  the  projiertics  of  an  alkali  in  the  highest  d^rec; 
■JiMe  are  its  solubility  in  water.  it«  power  tii  neutraliae  the 
wJe  and  decompowj  a  great  number  of  mctJillic  solutions,  luid 
'><cum«ive  action  on  the  tissues.  Thisalkolinity  may  Ik;  shown 
V  the  energy  with  which  the  most  feeble  solutions  of  putassa 
'^re  the  bine  color  to  reddened  litmus,  and  change  lo  green 
*i!  tinctore  of  violeta, 

SULPHIDES  OF  POTASSIUM, 
PoUssium  will  burn  in  vapor  of  sulphur.  It  unites  with 
'Winter  body  in  five  different  proportions,  formmg  the  sul- 
M»  K^S,  K'S',  K'3'.  K'H',  and  K'S'. 
.  Polomum  iiununiilphitte  Is  formed  when  potassium  sulphate 
"bested  to  redness  in  a  current  of  hydrogen,  or  in  a  brasqued' 
""i  wvwed  crucible  with  charcoal. 

'  i  btHquel  orueiblc  ia  *  cl-iy  orunililo  Into  vhloh  pnwrlersil  charooaJ 
>°o(KPil  ititb  gum-walrr  ku  b«en  >^ttoD|;ly  pre.<iicd,  sdJ  Kfterwardn  cnt- 
''■Bl.    Th»  eubtUope  lu  be  reduced  is  placed  id  a  civil)'  hollowed  out  ia 


A  rcddisli,  deliquescent,  and  caustic  mass  is  thus  obtained. 
WheD  a  mixlure  of  Huiphur  and  {mtassium  ctu'boDBte  it  fiaeA. 
carbon  dioxide  is  diseugaged,  aod  a  brown  mnsg  is  obtained  on 
cooling,  which  is  known  as  liver  of  eulphur.  It  is  a  mixturv 
of  pot'ttsium  pol^Kulphide  with  undeeompoBed  carboliale  ind 
potassium  sulphate  or  hyposulphite,  according  to  the  (cnpen- 
ture  and  the  proportions  of  sulphur  which  have  been  emplojcd. 
With  an  excess  of  sulphur,  potassium  pentaeulpTiide  is  obuined. 
Liver  of  sulphur  diasolves  in  water  wilfa  a  bruwn-irellow  celot. 

Potassium  peutasulphide  and  hyposulphite  are  also  formci) 
when  potassium  hydrate  is  boiled  with  an  uxcees  of  floworsof 
sulphur.  The  filtered  solution  is  brown.  When  treated  "ilb 
hydrochloric  acid,  it  evolves  hydrogen  sulphide,  and  finelj- 
divided,  yellowish,  pulverulent  sulphur  is  deposited. 
K'8>  +  2HCI  =  2KC1  +  H'S  +  S' 

POTASSIUM  CHLORIDE. 

KCl 
Thia  aalt  is  found  crystallized  in  cubes  in  the  neighborhood 
of  certdn  fissures  iif  Vesuvius,  and  in  thin  layers  in  the  raliiK 
deposits  at  Staaafurth,  Prussia,  and  in  other  localities.  At 
Stassfurth  there  in  found  a  double  chloride  of  potassium  and 
magnesium,  KCI.MgCl'  +  6H'0.  When  this  double  snlt  i* 
dissolved  in  hot  water,  the  greater  part  of  the  potasaatn 
chloride  is  deposited  on  cooling  while  the  magnesium  cliliiride 
remains  in  solution. 

Potassium  chloride  erystalUies  in  cubes,  but  it  sometiiw 
separates  in  octahedra  &om  solutions  oontnining  free  potiA)' 
It  is  unaltered  by  the  air.  It«  taste  is  analogous  to  ihit  of 
sodium  chloride;  it  is  more  soluble  in  water  than  the  Utttfi 
and  produces  a  greater  depression  of  temperature  in  dissolving- 
1  part  of  chloride  of  potassinuj  dissolves  in  3  pari*  nf  w»W 
at  17.5°.  100  parts  of  water  at  0"  disaolve  1'9.23  part*  of 
potassium  chloride  and  11.2738  additional  for  each  d^ree  of 
temperature. 

POTASSIUM   IODIDE. 
KI 

1  account  of  its  nae  is 
is  obtained  by  adding  powdered  iodine  to  eolntiia 


)tm}oun( 
Itisol 
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nf  potassiam  hydrate  until  the  latt«r  is  completely  Dcutraliaed. 
Potaffiium  iodide  and  iodate  are  formed,  the  latter  being  pre- 
□pitatad-  The  whole  m  evaporated  to  dryness,  aad  the  reiiidao 
heated  to  redneaa,  by  which  the  iodate  is  converted  into  iodide. 
The  masH  is  rediasolved  in  boiling  water  and  the  solution  oon- 
wDtratod ;  hne  cubical  ctyataLt  of  potaBsium  iodide  are  obtained 
on  cooling. 

These  erystala  are  opaque  and  anhydrouA.  They  melt  at  a 
ral  heat  without  decomposition;  their  laxte  is  salty  and  eonie- 
what  bitter.  100  parta  of  water  at  18°  dissolve  143  pans  of 
potuMum  iodide. 

A  solution  (if  potasHiuin  iodide  difisolvefl  iodinv  abundantly, 
Miuuin^  a  dark-brown  color. 

If  nitric  at-id  be  added  to  a  solutioti  of  potSHoiam  iodide, 
ioiliue  'n  at  nniw  deposited  and  red  vapon  are  diteng^ed  if 
ihe  solution  be  concentrated  fpa^  131). 

This  decomposition  of  poluMsiuin  iodide  takes  place  even  in 
Ttrj  dilute  eolutiona.  It  may  serve  lor  the  detection  of  the 
tmillest  trace  of  thia  salt  if  &  solutioti  of  starch  be  pre^iouBly 
idded  to  the  liquid;  in  this  case  a  blue  color  will  be  produced. 

Atbunu/a  brottad*  is  prepared  by  a  process  similar  to  thiit 
which  yields  potassitun  imlldc.  It  cryNtatlizes  in  cnbes  which 
■Ksolohle  in  about  1.5  parts  of  cold  water. 

POTASSIUM  NITRATE. 
K.NO' 
This  important  salt,  long  known  aa  nitre  and  saltpetre,  im- 
pi^iitc«  the  Huil  and  sometimes  effloresces  upon  iU  surface  in 
wrtain  rc-^ons  of  India,  Egypt,  Persia,  Hunjrary.  and  Spain. 
In  Ihe  United  States,  it  is  found  in  many  Idealities,  generally 
ii  tiTcms  in  limestone  rock,  called  sultpeliv  caves.  It  ia 
iitXained  by  lixiviating  the  earthy  matlere  containing  it  and 
niporating  the  eolation. 

b  is  less  abundant  in  northern  climates.  It  is  formed 
■betever  nitrogeniied  ni^nnic  substances  decompose  in  prow- 
Km  of  potaasa.  Thua,  it  ex'mta  in  small  quantities  in  the  uoil 
"F  cellars,  in  moist  walls,  and  in  the  debris  of  demolitions, 
In  thtwe  cases  it  is  mixed  with  a  certain  (juantity  of  sodium 
nitrtle  and  a  large  excess  of  calcium  and  magnesium  nitrates. 
Formerly  such  materials  were  lixiviated  to  obtain  the  nitrates, 
iD  of  which  were  then  converted  into  [)ota.S8ium  ni(r8t«.  Nitre 
it  also  manufactured  artificially  by  exposing  to  the  air  miztara 
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of  uiunsl  mattere  with  wood-ashee  and  lime  which  tre  bt- 
quenlly  moisWned  with  stale  urine  or  Hluble-drainiDgt.  How- 
ever, a  great  part  of  the  jiotassiiun  nitrate  employed  in  ibe 
arta  is  now  ubtAined  from  the  natunU  fiodium  nitrate  of  Pen. 
Two  proccseee  are  employed. 

One  eonfliEtfl  in  adding  the  sodium  nitrate  to  a  coDcentn(«l 
boiling  solution  of  potusfiium  carbonate :  sodium  carbouie 
being  leas  solable  than  the  latter,  is  precipitated  and  coDtlnnM 
to  deposit  during  the  coneetitration ;  it  is  removed.  m<1  iIk 
potassium  nitrate,  which  ia  very  soluble  in  hot  water,  crpul- 
linis  out  on  cooling. 

The  second  process  consists  in  decompoBing  the  sodium  nitnU 
with  potaaaium  chloride.  The  satoratcd  and  boiling  miiWn 
of  the  two  solutions  deposits  sodiuin  chloride,  which  ia  (^ 
rsl«d,  and  the  potassium  nitrate  crystalliiea  on  cooling. 

PropertioB. — Tliis  salt  crystalliEes  from  its  aqueous  solntkin 
inlong,HiK-«idedpri!!ms,terminatedbysix-sided  pyramids,  licn- 
erally  these  erystala  are  grooved  or  striated.  They  behrng  Will" 
right  rhombic  syi<t«iii.    Their  t«Ble  is  coding  and  slightly  bltur. 

Potassium  nitml«  melts  at  about  350'^ ;  at  a  higher  U» 
peraturc  it  diseng^ies  oxygen  and  is  converted  into  polaMva 
nitrite,  KNO*,  which  is  in  its  turn  decomposed  at  a  red  hot) 
leaving  a  mixture  of  oxide  and  peroxide  of  potassium. 

Potassium  nitrate  is  very  soluble  in  hot  water:  100  ptrtaoi 
water  at  0=  dissolvo  only  13.32  parts  of  the  salt,  hut  at  18'  ihej 
dissolve  29  parts ;  at  97°,  236  parts ;  and  at  100",  246  p«ls 

The  facility  with  which  potassium  nitrate  parts  with  ittiff]'' 
gen,  of  which  it  contains  nearly  half  its  weight,  rendeii  il" 
enenietic  oxidiEer  of  many  bodies. 

If  a  small  quantity  of  pulverized  saltpetre  be  thrown  Bpoi 
glowing  coals,  the  salt  melts  and  discomposes.  incrcaHDg  tk* 
combustion  at  the  point  of  contact  with  the  fuel :  it  is  (w  '' 
deflagrate.     The  nitnte  becomes  converted  into  carbontte. 

Gunpowder  ia  an  intimate  mixture  of  about  aeventy-Sve  p 
of  saltpetre,  fifleen  of  charcoal,  and  ten  ofsulphnr.     Asia' 
known,  the  combustion  of  this  substance  is  instantaneons, 
gives  rise  to  the  sudden  formation  of  gaseous  prodaots.    ^ 
decomposition  may  be  expressed  generally  by  stating  that  H* 
oharooal  combines  with  the  oxygen  of  the  nitre  to  form  cartui 
dioxide  and  carbon  won  ox  id  e ;  the  nitrogen  is  liberated,  mI 
the  sulphur  combines  with  the  potassium,  forming  potosMl 
Bnlphide.     As  the  mixture  ooDtains  all  of  the  oxygen 
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gfbr  Hf  own  cotnbustiou,  the  latter  c&d  be  effected  in  & 
1  and  closed  space.  It  can  readily  be  uiidcreiood  that 
IDe  expluoive  energy  of  the  powdur  h  due  to  a  BuUdeo  evo- 
Intion  of  gas  oceupying  many  lintee  iho  volume  of  the  pir- 
dvr,  and  of  irhivti  the  vulume  is  still  fiirlber  uugineuled  by  the 

k  lempenture. 

POTASSIUM   SULPHATE. 

Ri{m  salt  in  obtiained  as  a  by-product  in  various  induBtriata 
opentionB.  It  depoaito  from  the  niothor-Ii<|uors  of  the  sodftil 
^)tn  scH-weed  when  theee  are  expoovd  lu  luw  I«iiiperatureH.  It  4 
may  be  made  bysotaralin^  with  pnUAsium  rorbonato  the  p>taa- J 
nuni  acid  sutpha(«  which  is  formed  in  the  [irepurat  ion  of  nitris  1 
acid  by  the  decum position  of  potasviuin  nitrate  with  sulphntiflfl 
aidd,  a  prueesH  whieh  m  now  but  little  employed.  I 

It  cryabdliiseH  jn  four-sided  prisnie  or  in  double,  eis-eided  1 
pyrwuidft  hflonging  lo  the  nrthorhotubic  Rystem.  These  erys- 
tuls  «r«  bard,  snliydroua,  unaltered  by  the  air,  and  melt  at  a 
red  heat  without  deroinpoaition.  They  are  but  slightly  soluble 
in  water  and  insoluble  in  absolute  alcohol.  1 00  ports  of  wat«r 
at  0°  diwolve  8.36  parte,  and  O.lT-41  part  for  eacli  additional  ■ 
degree  of  heat. 

POTASSIUM   ACID   SULPHATE. 


^H(l>i  ndt  may  l>e  obtained  by  fiising  13  parte  of  the  nentnl  I 
JfB»Uf  with  8  partu  of  cimeeutruted  sulphuric  acid.     The    i 
■bne  uiuw  it*  digaolved  in  boiling  water,  and  the  eolutitm  when 
pn>pcTly  uinecntratcd  dcpositji  rhombie  octahedra  or  tubular 
ErystAlti  brlonging  to  the  or! hii rhombie  system. 

Pritaiwium  acid  mlphnte  is  mucli  more  soluble  in  water  than  , 
thn  nentral  salt;  ila  iiolution  is  acid.  When  Htrongly  heated^  J 
it  first  ^ves  up  water  and  then  su]|ihuTie  oxide,  leanng  a 
diMt  of  neutral  Hulphute. 
'  TOTASSIUM   CH1/)RATR. 

KCK)» 
jrmed,  together  with  potassium  chloride,  by  tho-fl 
ijwn  a  c 


B  of  chl< 
e  or  carbonate 
6C1  -H  6K0H 


M'ntrated  Bolution  of  potassiu 
r  KCIO"  +  5KC1  -f  3H'0 
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It  is  less  soluble  than  the  ddoride,  and  ib  wumpm&j  de- 
posited in  great  part  as  the  solution  beoomes  satuatodvitk 
chlorine.     It  is  purified  bj  several  reciystaHiaalaang, 

In  the  arte,  it  is  obtained  by  the  action  of  ohloriBe  upoe  t 
mixture  of  lime,  potassium  chloride,  and  water,  heated  in  dud 
vessels.  Chlorate  and  chloride  of  calcium  are  finmed,  indii 
presence  of  the  potassium  chloride,  a  double  decomposition  taka 
place,  potassium  chlorate  and  calcium  chloride,  whidi  is  toj 
soluble,  being  formed.  The  liquid  is  filtered  hot>  and  the  potM- 
sium  chlorate  crystalliies  out  on  cooling. 

KCl     +    3CaO    +    SOT    =    Ka(y    +    SOrfJP 

Oftldam  oxide.  Fnhiliiin  tiUiontm, 

Potassium  chlorate  crystalliies  in  colorless,  rhombcndtl  tibka 
When  very  thin  they  present  an  iridescent  reflection.  It  meki 
at  400°,  and  at  a  higher  temperature  is  decomposed  into  oxim 
and  chloride  and  perchlorate  of  potassium,  the  latter  of  wudi 
is  also  decomposed  when  the  temperature  is  raised  still  fbrthflr. 

2KC10»  =  Ka  +  Kcao*  +  0» 

KCIO*  =  KCH-  O* 

Potassium  chlorate  deflagrates  when  thrown  upon  hot  ooib; 
when  mixed  with  sulphur,  it  explodes  by  friction  or  perenssioo; 
the  detonation  becomes  dangerous  if  the  sulphur  be  replied 
by  phosphorus. 

It  is  not  very  soluble  in  cold  water.  100  parte  of  water  a^ 
0°  dissolve  3.3  parts,  and  at  24^,  8.44  parte.  It  is  much  more 
soluble  in  boiling  water. 

POTASSIUM  PERCHLORATE. 

KCIO* 

This  salt  is  formed  by  the  action  of  either  heat  or  solpbnric 
acid  upon  potassium  chlorate  (page  124).  It  is  but  8U^4y 
soluble  in  water,  requiring  65  parte  at  15^  for  ite  solutioD.  ^^ 
crvstallizes  in  anliyd)*oufl  and  transparent  right  rhombic  priflB^ 
Above  400°  it  decomposes  into  potassium  chloride  and  oxjgco- 

POTASSIUM   CARBONATES. 

Potassium  Neutral  Carbonate,  K^CO*.— This  cubons^ 
is  found  in  commerce  under  the  simple  name  potash,  tod  ^ 
known  according  to  ite  source  as  Russian  or  American  potadi* 


POTAeSIUU    CAHBONAreS. 


29K 


It  is  obbuned  b;  lisiviating  wood  aahea ;  that  w,  exhausting 
ibem  with  muer,  eraporating  the  solution  to  dryness,  and  cal- 
nms^  the  residue  in  the  air.  The  potash  thus  obtained  Ls 
impure  carbonate  mixed  with  other  salte  of  potAssium,  princi- 
jull;  the  chloride  and  sulphate,  and  small  ijuantitics  of  silicate. 
It  MHttaiaa  trum  60  to  80  per  cent,  of  carbonate. 

PuttuaiiUD  c:arbonate  \a  now  manufactured  from  the  native 
chkitide,  ll^tAfiH^irth  salt,  by  a  procesx  eimilar  to  that  which  will 
b«  dencribed  for  the  manufacture  of  iwdium  carboaulu  from 
wnuuon  salt. 

Pare  potassium  carbonate  may  be  prepared  by  calcining  potas- 
tiuii  acid  tartrate,  or  cream  of  tartar,  at  a  red  heat.  A  block 
mas  is  thus  obtained  from  which  water  diasolvex  pure  pntas- 
iuua  carbonute,  and  the  solution  is  evapcirated  to  dryness. 

Neutral  ptiiassinm  carbonate  is  very  soluble  in  water,  and 
>Wbs  moisture  from  the  air.  1  part  of  the  anhydrous  salt 
disiolTes  in  1.05  parts  of  water  at  3°,  and  in  U.49  parts  at  70" 
(Osuin).  The  Holnljon  has  a  decided  alkaline  reaction.  A 
Very  oinccnlratcd  hot  solution  dejiosils  rhombic  octahedra 
TODtaining  K'CO*  +  2H'0  tm  cooling. 

Potasiinm  Acid  Carbonate,  KHCC. — When  a  current  of 
wrimnic  acid  pas  is  passed  int<i  a  concentrated  solutiiin  of  potaa- 
nnm  neutral  carbonate,  the  gas  is  absorbed,  and  crystals  of 
potaieium  acid  carbonate,  ordinarily  known  aa  bicarbonate  of 
potiasa,  are  formed. 

It  represents  carbonic  add  in  which  a  single  atom  of  bydro- 
pn  la  replaced  by  an  atom  of  potassium. 

C0«  +  H>0  =  H«CO>  mrhonio  »cid  (hjpotbollottl). 
C0»  +  KHO  =  y  j  CO'  folMtium  Hid  oarboonW. 
CO'  i-  IfO    =  K'CO>  poUHiam  oirbonsto. 

Potassium  acid  carbonate  readily  cryBtnllizca  in  'ibliquo  rhom- 
wpriams.  It  is  much  less  soluble  in  water  than  the  neutral 
viMnate,  and  its  solution  di.senpages  carbonic  acid  gas  on 
Wing.     Its  reaction  is  alkaline. 

Characters  of  FotoBUiim  Salti, — The  salts  of  potassium 
ttomanicate  a  violet  lint  to  flame.  Tlieir  Milutionti  iire  not 
pttrapitated  either  by  hydrogen  sulphide,  ammonium  sulphide, 
Rwdinm  carbonate. 

Perchloric  acid  occaslona  a  white  precipitate  of  potasaiam 
POchlorate. 


J 
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Platinum  tetracLloride  proJai.'esa  yellow, cryslalline pmip- 
tate  of  platinum  ond  potassium  doubli:  chloride,  ^KCl.nO*. 

HydruflniiHtlidc  acid  fiirniH  &  white,  gelutinous  predpiliu 
coDBiating  of  potasaiuin  fluoBilicate.  ^^^ 


Ns  =  23 

Sodium  was  discovered  by  Sir  Humphry  Davy  in  1807.  I' 
is  niadi!  by  dccompositig  sodium  carbunate  with  chnrcoal,  > 
certain  proportion  of  i^halk  being  added  to  reuder  the  miitaR 
infmble.     The  operation  b  cooduttcd  in  \»rpi  coet-iron  cylin- 


ders covered  with  a  refractory  luting  to  enable  them  to  rceisl 
the  high  temperature  rciiuired  to  effect  the  decompoulioX' 
The  Bodium  vapor  le  coDdansed  id  a  flattened  receiver  fton 
which  it  run^  into  appropriate  vessels  (Fig  98) 

CastDer  has  recently  invented  a  process  in  which  aodinm  hy- 
drate is  decompoaed  by  a  coke  made  by  heating  finely-dividM 
iron  with  gas  tar,  and  containing  30  per  cent,  carbon  and  TO 
per  cent.  iron.  These  materials  are  introduced  into  movable 
iron  crucibles,  which  are  then  Ughtly  clamped  up  against  reUHt- 
hottds  Gsed  iu  the  rop  of  the  i'urnaco.     The  advautages  of  tb^ 
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process  are  that  the  niiiturc  fuses  Tcadilj,  iLtid  the  intimate  con- 
tact of  the  carbon  and  BoJium  hjfdmte  permits  llie  reduction 
(o  take  place  at  a  lower  temperature.  The  iron  probably  only 
serves  to  keep  the  coke  below  the  eurface  of  the  fused  lUMlium 
hjdrale. 

This  metal  is  soft  at  the  ordinary'  temperature.  It  has  a 
mIvuij  lustre,  melts  at  90.6°,  and  distils  at  a  red  boat.  It  is 
not  as  avid  of  oxygen  as  potassium ;  it  can  be  melted  in  the 
HIT  without  taking  fire.  Wlien  tiirown  upon  water,  it  welte 
and  raiis  uround  on  the  surface,  produi-iug  a  hissing  noise. 
The  water  Li  (Iui:<jiupi)sed  with  disengagement  of  hydrogen  and 
thu  furuiati'iu  of  sodium  hydrate.  The  reaction  is  analogous 
to  tliat  of  iHiliiHaium  upon  water,  hut  is  lees  energetio;  fre- 
Dtly,  however,  it  terminates  by  an  esplosion. 
f  wHilium  be  thrown  upou  Lot  wat^r,  or  water  which  1 
k  tliickoned  with  gum  or  starch,  so  that  the  c 
3  licjuid  may  prevent  the  globule  from  moving  r 
Ua  becomes  sufficiently  boated  to  iffiita  the  hjdit^ 
t,  which  then  bums  with  a  jellow  flame. 

OXIDES   AND   HYDRATE  OF.  SODIUM. 

o  iridos  of  sodium  are  known,  a  monoxide,  NaK),  and  a 
^  Na'O'.  ' 

»  h}fdr'tlf,  NaOH.  is  frequently  employed  in  the  l»b-  ' 
J  and  in  the  arts  under  the  nanic  cmMtc  toda.  It  is 
i  by  decomposing  a  rather  dilul«,  boiling  solution  of  »o- 
uboiute  by  milk  of  lime,  in  the  msnner  deserilxid  for 
rprcparatiou  of  nftossinm  hydrate  (page  283).  It  occurs 
»«  a  white  solid,  which  attracts  moisture  and  cwbonic  acid 
friiin  the  air,  and  Gniilly  becomes  transformed  into  a  dry  mass 
i>f  i-arlion^ilt^.  Sodium  hydrate  is  freely  soluble  in  water,  and  is 
rwy  uauMic.     It  is  known  in  commerce  as  conuontrated  lye. 

SODHIM   SfTLPHIDE   AND  SULPniTDBATE. 

Swl'iiin  nulph-iilt:.  Nil's,  in  prepared  by  the  following  pro 
A  concentrated  sotuliun  of  sodium  hydrate  is  dividod 
u  eijual  parts;  one  pirt  in  tlien  saturated  with  hydit^cD 
(hide,  sodium  Kuliihydrale  bein^  IVjrmed. 

NaOH     -f  H'S  =        Na.SH        +  irO 

n  lijdnlB.  S^idJuiu  luJiriiydnin. 
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To  thifi  sulpbydrate  the  other  portion  of  sodium  hydrate  is 
added,  and  the  solution  is  concentrated  out  of  contact  with  the 
air.     Hydrated  crystals  of  sodium  sulphide  are  deposited. 

NaSH  +  NaOH  =  HH)  +  Na'S 

These  crystals  are  rectangular  prisms  terminated  by  four- 
faced  points.  When  pure,  they  are  colorless;  they  are  very 
soluble  in  water. 

SODIUM   CHLORIDE. 
NacT  * 

This  body  is  common  salt,  or  sea-salt.  It  is  widely  difibfled 
in  nature.  It  is  found  in  the  solid  state,  as  rock-salt,  in  large 
deiK)»its  in  many  countries. 

Sea-water  contains  a  large  proportion  of  sodium  chloride, 
and  this  salt  also  exists  in  a  number  of  mineral  waters,  of 
which  it  forms  the  most  abundant  constituent. 

In  France,  the  greater  portion  of  the  salt  delivered  to  com- 
merce is  obtained  by  the  evaporation  of  sea-water  in  the  salt^ 
marshes  near  the  ocean,  and  the  salt-basins  along  the  Mediter^ 
raiiean.     These  are  extensive  basins  into  which  the  water  i^ 
led  from  the  sea,  and  where  it  forms  a  shallow  layer,  which  i^ 
continually  swept  by  the  summer  winds.    It  thus  becomes  con^ 
centrated,  and  the  concentration  is  favored  by  the  water  bein^ 
continually  kept  in  motion  from  one  basin  to  another,  until  it 
arrives  in  the  areas  where  the  salt  is  deposited.     The  mother- 
lifjuors,  from  which  the  sodium  chloride  is  separated,  and  which 
are  still  saturated  with  that  salt,  contain,  in  addition,  magne- 
sium sulphate  and  salts  of  potassium.     By  cooling  them  to  a 
low  temperature  sodium  sulphate  is  obtained,  being  formed  by 
a  double  decomposition  between  the  sodium  chloride  and  the 
magnesium  sulphate.     The  new  mother-liquor  then  deposits, 
first,  potiussium  and  magnesium  double  sulphate,  and  after- 
wards, magnesium  and  potassium  double  chloride  (Balard).    It 
Wius  in  the  latter  of  these  liquors  that  Balard  discovered  bro- 
mine in  1820. 

Sodium  chloride  is  also  obtained  by  the  evaporation  of  the 
waters  of  salt  springs.  The  operation  is  conducted  in  large 
sheet-iron  boilers ;  the  salt  crystallizes  from  the  hot  liquid,  and 
a  double  sulphate  of  calcium  and  sodium,  which  is  but  slightly 
soluble,  deposits  in  the  basins  in  the  course  of  time. 


SODIUH   eCILPBATE. 

c:hlaride  crj-stoUiEce  from  lis  Aqueous  solution  i 
le  i-rystals  ait)  generally  smdl,  and  a  gruut  uumLx 
i;tu  fri>i]apullj  bui'utue  agglomer- 
ated in  Hymnietricrjd  hujipvr-Uki'  uiueied 
(Fig.  yyj.  These  vryetah  ufl-  uiihy- 
aroua,  but  contain  a  BUiall  (|uoiilily  (.f  ; 
interpoBt^  water ;  when  lieuled  tliiry 
d«rr|iitat*,  becauMf  tbia  water  in  volu- 
liluuil  Diidsiiddfui^HeptmaeslIiEcryH-  Kio  !i9. 

uU.    Rock-salt  U  eomelimee  found  in 

tnuporent  imbes,  someUines  in  octjiliedra  and  int«ruiediat« 
furnw.  SiKlJum  chloride  fusw  at  a  red  beat  and  solidifiefl  to  a 
Liyxalline  uiass  on  u>o]iii[!.  It  TuJatitizcH  at  a  white  beat.  It 
in  Twy  Mlubte  in  water,  mid  ita  sutubililj  does  nut  increase  with  , 
■Jit  lemjwrature.     According  to  Gay-Lus*af, 

I  p*n  or  MmmoD  ull  lUwnlras  in  3.78  fiuit  of  unlrr 


The  saturated  solution  boila  at  109,7°;  it«  density 
I'^OS,    Sodium  chloride  in  iD»(iluble  iu  ubMiluie  alixilii 


SODIUM   SULPHATE. 

Till!  Hall  w  obtained  in  tbc  artii  by  decomposing  common  salt^ 
•iilnulphuric  acid  (page  117). 

Tliii!  o]>eratton,  which  constitutes  the  6rst  st«p  in  the  uiunu- 
iiutiin>  oj*  widium  carbonate,  is  conducted  in  a  roverberaluiy  1 
'uniioe.  ciinnociMl  with  a  suitable  appuralue  fur  the  eondeuxar  i 
''"n  of  the  hydrochloric  acid  whi«h  is  disengaged.  Sudiunk  1 
"''il  sulphate  is  firet  formed,  and  ut  a  liijrber  tom|jeruture  tbia  1 
faite  uijon  another  molecule  of  sodium  chloride. 


H 


SO'    +     NaCI 


NVSC     -I-     HCl 


SiKlium  HHlpbnte  is  now  extensively  prnduced  by  snhjecttn 
ihe  iD[>tber'li'inors  from  tbc  manufacture  of  suit  from  ae 
to  inteoM  cold. 

Il  cryNtolliwa  from  water  in  fflur-sidcd,  oblique  rhombia 
prinms,  containing  10  moleculcx  ui'  water  of  cryetallizatioi 
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these  cr}'stiils  effloresce  in  the  air.  They  poflseas  a  bitter,  salty, 
and  disagreeable  taste.  They  are  very  soluble  in  wat^r.  and 
the  temperature  of  their  maximum  solubility  is  33°.  Accord- 
ing to  Gay-Lufisac, 

100  parts  of  water  at    0°  dissolre    12  parts  of  sodiam  salphate. 
«  «  IQO        u  4g  «  u 

ft  tt  25®       "        100  **  " 

a  .<  330        «         S32.(J         **  « 

«  "  500        "        263  "  " 

When  the  solution  saturated  at  33°  is  heated,  it  deposits  an- 
hydrous sodium  sulphate  in  orthorhombic  octahedra,  analogous 
to  the  anhydrous  sodium  sulphate  found  in  nature  (thenardite). 

Sodium  Acid  Sulphate,  ^  I  SO*.— This  salt  may  be  ob- 

tained  by  dissolving  in  water  the  requisite  proportions  of  so- 
dium neutral  sulphate  and  sulphuric  acid.  On  cooling  the 
saturated  solution,  obli(|ue  rhombic  prisms  are  obtained,  which, 
according  to  Mitscherlich,  contain  two  molecules  of  water  of 
crystallization.  These  crystals  are  very  soluble  in  water,  and 
have  ail  acid  taste.  Alcohol  decomposes  them  into  sulphuri<^ 
acid,  which  dissolves,  and  neutral  sulphate,  which  precipitate^ 


SODIUM   CABBQJiATE. 

Na^CO* 

This  important  salt,  known  also  as  soda  and  salsoda,  i# 
manufactured  on  an  immense  scale  in  the  arts.  It  Ls  used  in 
the  manufacture  of  soap  and  glass,  for  washing,  and  many  other 
purposes.  It  wius  forni(»rly  obtained  from  the  ashes  of  fuci, 
algtC,  and  otlier  sea-plants  which  furnished  Alicant  Si>da.  It 
is  now  most  generally  ]>re]>ared  from  sodium  chloride,  and  the 
])rocess,  which  is  due  to  Le  Blanc,  couvsists  of  three  distinct 
operations:  1st,  the  transformation  of  the  sodium  chloride 
into  sulphate  })y  siilphurie  acid;  2d,  the  conversion  of  the  sul- 
phate into  carljoiiate  })y  cakination  with  a  mixture  of  chalk 
and  coal;  3d,  lixiviation  of  the  calcined  mass  and  evaporation 
of  th(^  solution.  Only  the  latter  two  operations  need  be  de- 
scribed here :  they  are  conducted  in  reverberatory  fumaeee, 
of  which  the  douhlv-arehed  roofs  are  licked  by  the  flame  of 
the  combustible  (Fig.  100). 


Ilk  niixtiim  of  lOllO  porta  of  sixliiitu  i;ulphatc,  1040  piutii  of 
ik,  anH  5H(I  piirts  iif  coal,  is  lin*l  itilrmluwd  into  wmpjtn- 
Dt  B  of  the  lumnce,  where  it  La  drietl.  It  is  then  traiwferrod 
coinpartment  A,  whcro  the  teniperatare  is  vi^  elcYatcd, 
I  where  the  sodiam  sulphate  is  reduced  to  sulphide  by  the 
r 


m 


Fio,  100 

TLp  sodium  sulphide  iitnl  clmlk  n-uul  »\«m  ea.;h  iitlier, 
Blin;.'  trodiuiu  unrhuu&tc  nnd  cali'iuiu  Hiilphtde  (Kulh). 
The  rusiilts  uf  the  rciu^tiiiu  uiuy  hu  uxptussed  by  thu  fi)lbw- 
■  «<|uatiou : 

Na'SO-  +  CaCO'  4-  O  =  NaHX)*  +  CaS  +  4C0. 

e  are.  however,  certain  eccondary  ri;aeti(iii»  which  take 
•  at  the  ume  time;  thim,  a  certain  qiiniility  of  sudiiua 
H  formed  hy  the  nction  of  the  coal  upon  the  curbonate.  _ 

Na'CO*  +  C  --  SCO  +  Nft-O  1 

Rlien  the  incandescent  maas  hna  becomo  pasty,  !t  is  rL-muved 
ho  Airnace,  rcda<^'d  to  powder,  and  thurou^bly  lixiviaU.'d. 
'ftt«r  dittsolveij  the  aodium  carbunatc,  and  Iciiven  thi-  m- 
\>  calcium  sulphide,  which  remains  mixed  wiih  thi^  lime 
td  by  the  doeom position  of  the  esceas  of  elialk  emplujej 
ite,  Scheurer-Koatner).  The  solulions  an-  eoncentnilf-'J 
iwller  D,  heated  by  the  waxte  heat  from  the  soda  fur- 
Finally,  they  are  drawn  off  into  the  wnnpartment  C, 
e  Ihey  are  evaporated  to  dryncM.  The  nal-soda  of  tom- 
e  la  tUU8  obtained.  When  the  pr<iperly-<.'oncentrul«d  nolu- 
I  allowed  to  cool,  the  crystallizod  soda  of  comuierue  is 

JBltwi. 

Knotht^r  pnteew.  proposed  by  Schlo?Rin^  nnd  BuUand,  i 
i  for  tile  fhbrieation  of  widium  carbonate. 
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It  depends  upon  the  doable  deocxmpositum  wUdi  takes  phoi 
between  ammonium  add  carbonate  and  aodinm  ohkinaB  ii 
concentrated  aqueons  solution. 

NaO  +  (NH*)HCO'  =  NHH31  +  NaHCO^ 

The  sodium  acid  carbonate,  which  is  but  sli^tly  sohiUe,  ii 
precipitated ;  it  is  collected  and  converted  into  the  neutnl  etf* 
bonate  by  the  action  of  heat. 

2NaHC0»  =  Na«CO»  +  CO*  +  HK) 

It  thus  loses  half  of  its  carbonic  acid,  which  is  utilised  for 
the  preparation  of  a  new  quantity  of  ammonium  add  caifaoiuite. 
The  other  portion  of  the  carbonic  add  necessary  for  this  ope^ 
ation  is  produced  by  the  calcination  of  lime-stone  (caldnm  oir- 
bonate),  which  at  the  same  time  yields  the  lime  necesBaiy  fx 
the  liberation  of  the  ammonia  contained  in  the  mother-liquor 
in  the  form  of  ammonium  chloride. 

A  considerable  quantity  of  sodium  carbonate  is  also  manofte- 
tured  from  cryolite,  which  is  a  double  fluoride  of  sodium  iimI 
alumiuiiim,  and  of  which  large  deposits  exist  in  GreenluxL 
The  mineral  is  calcined  with  lime,  odcium  fluoride  and  ahmi- 
natc  of  soda  being  formed. 

APFl«,6NaFl     -f     6CaO    =    6CaFl«     +     AlK)»,3NtS) 

Cryolite.  OAldum  flaoride.       *  Alaminato  of  ndi. 

The  latter  compound  is  dissolved  out  by  water  and  decom- 
posed by  carbonic  acid  gas,  aluminium  oxide  being  predpitited 
and  sodiiim  carbonate  remaining  in  solution. 

Sodium  carbonate  crystallizes  in  oblique  rhombic  prisBUr 
containing  10  molecules  of  water  of  ciystallization.  Wl»08 
heated,  they  fuse  in  this  water  of  ci^taflisation,  which  thef 
then  abandon ;  they  also  lose  it  by  elHorescenoe  when  exposed 
to  the  air. 

Sodium  carbonate  is  very  soluble  in  water,  and  the  solotioB 
has  a  strongly  alkaline  reaction.     According  to  Poggiale, 

100  parts  of  water  at  0^   diuolve  7.08  parts  of  sodiam  oarbooats. 

«  «     20*'        "      26.93  "  ** 

"      "  26*'    "   80.83      **      ** 
u  it     sQo    u      35,90      u  u 

"      "  104.6°  "   48.5       «      " 

The  saturated  solution  boils  at  104.6°.     Sodium  carboitf^ 
is  insoluble  in  alcohol. 


.J. 


Sodium  Acid  Caxbonate,  NaHCO*. — When  carbonic  acid 
gaa  ifl  pnHseJ  ioU)  a  aolutiou  of  soJium  carbonal*  or  over 
LTy»tals  lit'  thuL  saJt,  tin;  gjau  is  absurbod  iiiiJ  sodium  uciil  car- 
UmtUe,  ix>iuuu>iily  called  bicarbonnte  of  sodu,  in  formed.  This 
!<iitt  (.Tjatallizeft  in  oblique,  four-eided  prismi),  eUiirUned  into  the 
form  of  tables.  Il«  tanU:  is  siilty  and  elightly  lilkaline.  It  is 
I'M!  Miluhic  in  nutcr  tliiui  the  neutral  i^rbotiate.  U  reslor 
(lie  blae  vulor  to  reddoaed  litmus;  its  solution  dues  not  j: 
dpitite  that  of  ma^ncaium  sulphate.  Wiien  boiled,  it  loB 
Mjfaonic  atid,  tieulral  carbunato  being  formed. 


PHOSPHATES  OF  SODIUM, 
tbree  jiboflpliatua  of  sodium  dL-rivcJ  from  ordinary 
otbu-phosphurie  acid. 


nil- 


VQ*        n  t  PO*  +  2U>0    N«  [  PO*  +  I2tl 

11  I  II  j 

nlluiu        tiiudlmu  |ib>H(ib»tB. 


Trtaulluin  iiboaptiiu. 


[onosodiuui  pliospbalc  is  ncid,  tho  disndium  m  neutral,  and 
litriaudium  bnsun  alkaline  reaction.    Distidium  phospbato,  or, 
it  freqaenti)'  called,  cominoa  or  neutral  phosphate  of  soda, 
u  the  most  important.     It  is  prepared  by  neutralizing  the  cal- 
cium acid  pbo8phat«.  obtained  by  dilating  bcine-dunt  with  dilute 
Buljiharic  acid  and  filtering,  nith  sodium  carbonate.    Triealcium 
jiliosphalc  is  precipilaled,  and  disixliiiin  plumphate  remains  in 
Solution,     By  evaporation  of  the  filUTcd  liiiuid,  the  salt  may 
bt  obloined  in  voluminous,  transpjwent,  oblique  rhombie  prUma, 
^^uUiDing  12  nolecnles  of  water  of  crystalliEalion.     Mono- 
^^^Blim  phosphate  exists  in  urine,  and  is  the  cause  of  the  normal 
^^^Ety  of  that  e 


SODIUM   BORATE,  OR  BORAX. 


Tilts  BoIt  corresponds  to  letraboric  add,  containing  SBo'O*  -4- 
H'O  =  FI'Bo'O'.     Il  results  from  the  action  of  one  molecule 
uf  sodium  oxide  npim  two  molec-iiliw  of  boric  oxide. 
2{Bo"0')  +  Na'O  =  Na'Bo'O' 

It  orystAlliieB  with  either  10  or  6  niolecales  of  water. 

Bonu  was  formerly  obtained  Irom  Asiii,  where  it  exists 
•ulutiuo  to  tho  waters  of  certain  lakes.     By  the  evaporst 
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of  these  waters  a  piodnct  known  as  imial  was  obtained;  dn 
18  natural  borax;  it  ciTBtalliieB  in  oblique  rliomlMC  ptioM. 
Borax  is  found  in  abundance  in  certain  lakes  in  Cafiftnii. 
A  great  part  of  the  borax  of  commerce  is  obtained  hj  mbh 
rating  the  boric  acid  of  Tuscany  widi  sodium  caibonake,  tad 
causing  the  solution  to  crystalliae  below  56^.  If  the  botfiK 
solution  be  very  concentrated,  it  deposits  between  79  and  6(r 
crystals  which  are  octahedral  and  contain  only  5  mofeenki 
of  water  of  crystallisation.  The  two  varieties  of  bono,  tba 
prismatic  and  the  octahedral,  differ  then  in  their  propoitioM 
of  water  of  dystalliEation. 

When  borax  is  heated,  it  melts  in  its  own  water,  sweOi  «p 
and  becomes  dry,  and  then  undergoes  igneous  fusion.  Heked 
borax  dissolves  a  great  number  of  oxides  and  forms  with  ibm 
variously-colored  glasses  on  cooling.  It  dissolves  in  12  puts 
of  cold  and  2  parts  of  boiling  water ;  the  solution  has  a  &uU 
alkaline  reaction. 

Characters  of  Sodium  Satbk — Sodium  salts  are  not  pre- 
cipitated from  their  solutions  by  either  hydrogen  sulphide, 
ammonium  sulphide,  sodium  carbonate,  or  platinic  chloride. 
Hyclrofluoailicic  acid  forms  with  them  a  white  precipitate.  A 
solution  of  potaBsium  antimonate  produces  a  white  precipitate 
of  sodium  antimonate  (Fremy). 

Sodium  salts  impart  a  yellow  color  to  flames. 

A  small  quantity  of  alcohol  may  be  ignited  in  a  saucer  iDa 
will  burn  with  an  almost  colorless  flame,  but  the  introducdoo 
of  a  small  quantity  of  sodium  hydrate,  chloride,  or  any  other 
sodium  compound,  at  once  colors  the  flame  bright  yellow. 

This  character  is  very  sensitive,  and  the  smallest  tnoe  of 
sodium  may  thus  be  recognized  by  introducing  a  platinum  wir^ 
dipped  into  the  substance  to  be  tested,  into  the  ooloriesB  Itftf 
of  the  blow-pipe  or  of  a  Bunsen  burner. 


LITHIUM. 

Li  =  7 

In  1817,  Arfvedson,  a  Swedish  chemist,  discovered  t  W 
alkali,  lithia,  which  is  the  liydratc  of  lithium,  laOH,  analogottf 
to  potassium  hydrate,  KG II.  To  this  hydrate  oorrespondfl  •> 
oxide,  Li'O,  and  a  chloride,  LiCl.  Bunsen  was  the  first  to  ob- 
tain the  metal  lithium,  which  he  prepared  by  electrolysiaof  A0 
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silverv-whit«  metal,  but  iU  Biirfwu  ntpw^ 
r.     ir  is  tJic  HgIiU«t  of  tlx^  miiA  f£^ 


CESIUM  AND  RUBIDIUM. 

SPECTBUM    ASALY!|!|9. 


taeea  cliloridt!. 

idiy  tarnisliM 

mi'iita,  its  diTiBitj  lKun<!  Iictwi'cn  11.57^  acid  fl.AgO.    It  melts 

180''.      It  in  less  iisidJMiLilc  ibnn  eilLcr  sodiniii  or  jiutUBgiui 

When  hi'itted  sboTe  iw  {HUiit  ol'  i'usioQ  ID  tlie  sir  ur  in  oxy^ 

it  Imrna  with  a  brilliant  white  flame.     It  dccomposos  wat«r 

ordinary  tcmjMTratiirce,  but  without  melting  like  Bodium. 

The  sbIik  t>f  lilhiniii  nre  soluble  in  walor,  but  the  carbonal 
and  )i)ioK(ilintG  otily  elighlily  so.     There  esiflta  tUso  a  doubifl: 
pliofphutii  (it*  sodium  and  lithiuiu,  which  ir  but  slightly  solublo^ 
T)it>  Baits  of  lithiuiu  cumiuuiiit-'ute  a  red  color  to  the  fltime  of 
alcohol  or  of  llie  BunafD  hufTit^r, 

The  rumpuunds  or  lithium  aru  geiierully  girKpiirFd  (rum  thfl 

Iailimte  known  as  IfpidoHtt 
inm  and  rubldiiun  are  two  alkaline  metale  dieeoverod  J 
hj  KirchholT  and  Buuseo  in  18G0-G1,  by  the  aid  of  e 
nethud  of  amilytiiii.     This  method  consisia  in  the  examination  I 
of  tpedni;  Iteiive  the  name  apeetnim  anulyHta. 

The  Hular  si>e(.-tram  formed  upou  a  ei'reen  which  bt«roepIa  a  ' 
buuu  of  Hobir  light  rutrautcd  by  pa«i<age  ihrou);!)  a  priMn,  con- 
sistx  (if  a  «crics  uf  colored  bunds.     The  different  viniple  rays 
uf  which  white  light  in  eomiHiHed  are  uniHjually  refracted  by 
the  priem,  and  separate  from  cauti  other  on  their  emergence. 
The  violet  rays,  which  are  farthest  turned  frum  their  primitive 
dtreotiim,  liirm  the  most  deriutetl  extremity  uf  the  ^peutmm. 
The  rrd  raya,  which  ore  the  least  refraetetl,  form  the  least  <ie- 
Tiated  cxtrvmicy.    The  visible  spcc^mm  of  solar  light  preeenla 
not  only  a  sueceHsion  of  varlouBly -colored  luinds ;  when  it  ia 
closely  examined  by  the  aid  uf  mt^rnifying  inslrumenta,  it  is 
found  that  the  m)ee«»)ririn  is  not  continuous,  but  that  the  lumi- 
nous hands  arc  traversed  by  dark  line«.     Thcw  lines,  whioli  J 
were  diacovered  by  Wollaalon  and  studied  by  Frauiihofer,  aivl 
I  fay  numerous,  and  are  irregularly  distribul«d  ibruughout  thcfl 
I,  from  the  red  to  the  violet,  but  each  one  of  ihenl 


»  defini 


■  I"" 


cipal  lines  ihatfl 


IDD  hu  been  determined  by  exact  measurements.    Frana*! 


300  ELKSIENTS   OF   MODERN   CIIEUISTBV. 

horer  desigDateJ  them  bv  the  letters  A,  B,  C,  D,  K,  F,  Q,  Br 
The  D  lioe  is  the  moat  dUtint^t  of  all :  ila  place  is  in  llw  yel- 
low. Other  lighte,  the  ston,  fi^r  example,  give  eimiUr  dimiii 
tiDUous  spectra.  On  the  contrar}',  an  inciUMtesccDt  plalinan 
wire,  or  any  other  lominoos  source  which  coDtains  no  roIaCil« 
matter,  gire§  a  coDtiDuoiu  speotnuu. 

Very  interesting  facta  are  observed  when  the  sourcea  of  li^l 
are  flames  into  which  the  vapors  of  volatile  substances,  pdr- 
ticularly  the  mefalliu  salt«,  are  introduced.  The  spectra  of  aub 
flumes  arc  formed  exclusively  of  brilliant  lines  (see  pUte). 

If  a  platiaum  wire  which  has  been  dipped  lati>  a  solnlHia 
of  sodium  chloride  be  introduced  into  the  colorless  fluneoT 
a  Bunsen  burner,  the  flame  will  assume  a  yellow  color,  and  viU 
give  a.  visible  spectrum,  but  one  which  is  very  incon^ilett, 
since  it  consists  of  a  single  yellow  line.  It  hua  been  fimiid 
that  this  line  exactly  coincides  with  the  dark  line  D,  existing  in 
the  yellow  of  the  solar  spectrum.  This  line  charactwiiee 
sodium  in  all  of  its  compounds:  it  is  the  s)iectrum  of  sodiam. 

In  thesamemanner,  a  flame  into  which  acompound  of  pnttt- 
flium,  lithium,  barium,  calcium,  or  other  volatile  metal  is  intro- 
duced, will  give  fur  each  metal  a  particular  spectrum  fiirmed  of 
varioualy-cotored  lines.  Each  is  perfectlv  charaolerijed  by  tte 
number,  color,  and  position  of  the  lines.  Barium  frivea  the  BM* 
numerous  and  the  widest,  lines ;  other  metals  give  more  oiiiiip&- 
cat«d  spectra.     That  of  iron  is  composed  of  TO  brilliant  Um- 

Kirchhoff  and  Bunsen,  who  discovered  these  facts,  mada  > 
happy  application  of  them  U}  analysis.  To  detect  the  pit 
of  a  metal  in  a  compound  or  even  in  a  mixture,  a  small  pL. 
of  the  substance  is  introduced  into  a  colorless  gas  flame,  ui 
the  spectrum  then  given  by  the  flame  is  observed  by  the  sidrf 
an  instniment  called  a  spectroscope.  The  light  to  be  eianiH^ 
is  caused  to  pass  through  n  narrow  rectangular  slit  before  fiiliiC 
on  Ihe  prism.  The  image  of  the  slit  is  then  refracted  to  iu  oW 
peculiar  place  in  the  spectrum. 

The  method  is  so  sensitive  that  ^.jnri.Tnrj  "f  "  mi'lignuiW 
of  sodium  chloride  will  render  the  yeUow  sodium  line  distimxl^ 
visible.  The  discovery  of  two  new  metals,  ctesium  and  rel*- 
dium,  crowned  the  brilliant  researches  of  KirchhofT  and  BunMB' 

Since  then,  three  other  new  metals  have  been  discovered  bj 
the  aid  of  spectrum  analysis:  thallium,  which  gives  a  giM 
line,  indium,  which  gives  an  indigo-blue  line,  and  gaUiuSi 
which  gives  two  violet  lines  very  close  together.    Thallium  ml 


dimrered  b;  Crookefl  aDd  Lamy,  iodiuin  by  Reicti  and  Richter, 

ltd  pillium,  the  discovcTj'  of  which  was  most  remarkable  of 
>li,  b;  Leooq  de  Boisbandrau. 


I  SILVER. 

Ag(Argentum)  =  108 

Vttnral  State. — Silver  in  found  D&tive  tmd  id  eoniblnatiun 
in  manj  rainerals.  Amun^  thenc  arc  tUe  Hul|ibidt!,  tlic  nulpb- 
utiiDotiides  aud  Bulphiu3enid<.ii,  the  autiainnide,  chloride,  \iro- 
■aide,  iodide,  selcnide,  tclluridc,  and  laeily  an  nmalf^aiu  of 
silver.  It  is  tound  in  small  proportions  iu  many  galenas  and 
copper  pyrites. 

Iteatment  of  Silver  Ores. — The  silver  is  extracted  from 
galena  by  first  reducing  the  lead,  and  then  mbmitting  the 
M^enliferoas  lead  obtained  to  cnpeUation  (page  359). 

Silver  ores  free  from  lead  are  treated  by  a  peculiar  procew 
edted  amalgamation,  sinca  it  is  based  upon  the  uuiploynicnt 
of  metallic  mcrcniy  which  dissolves  silver ;  the  amaljram  of 
olver  formed  is  dccompoBed  by  heat. 

8eveTaI  processes  are  employed  fur  the  chlorination  and 
amalgamation  of  silver. 

Freiberg  Amalgamaiioa  I'roceu. — The  Freiberg  silver  o 
is  poor,  containing  only  two  or  thre*"  'i">"°— ■^•'"'  "f  oii.-,.,. 
the  form  of  sulphide,  disseminated 
llvoDgb  iron  and  copper  pyrites. 
The  ore  ia  pulverized,  mixed  with 
ane-tenth  ita  weight  of  conimon 
wit,  and  roasted  in  a  reverbemtory 
fbniice.  The  sulphides  are  oxi- 
ded,  with  disengagement  of  sul- 
phnrons  acid  gas  and  formation  i>t' 
mlphttles.  The  latter  react  upon  the 
•vdinD  chloride,  forming  sodium 
nilphate  and  metallio  chlorides :  ull 
df  the  silver  is  thus  converted  inte 
chloride.  The  product  of  the  roast-  *"'™'^v^^^" 
ing  is  reduced  to  powder,  washed, 
and  introduced,  together  with  water  and  scrap-iron,  into  amal- 
emation  barrels,  which  are  rotated  by  water-power  (Fig.  101). 
When  the  mixture  has  become  homogeneous,  mercury  is  added 


r  three  thousandths  of  silver  ii 
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and  disaolves  the  Eihcr  set  free  bj  (he  actioD  of  the  iron  upon 
the  silver  chloride ;  it  also  di§§olvcs  a  Hni&l]  quaotitj  of  copper 
fonned  by  the  reductioD  of  cupmna  chloride  preseot.  After 
the  barrels  have  been  rotated  for  iMime  hours,  the  aanalean  a 
collected  and  compressed  in  canvoJi  bags,  through  wliich  tie 
ezceas  of  mercury,  alloyed  with  a  very  amaJt  quantity  of 
foreign  niotals,  paasea,  while  a  p»9j 
iimalgam  of  silver  and  copper  remiias 
in  the  bags.  This  amalgam  is  pnt  into 
iron  cups,  bb  (Fig.  102^,  aet  upuB  u 
iron  rod  on  atripod  base,  agStaiidii^ii 
:i  vi'Msel  oi'  water.  The  whole  ia  w^ 
ered  with  a  heil-shaped  iron  hood  vhkt 
dipFt  into  the  wa(«r,  and  the  upper  put 
I  of  which  is  surrounded  by  burniu 
conl^.  The  mercury  voIatlUies  IH 
ttindenses  in  the  cold  waitu-,  and  n 
:illi>y  of  silver  and  copper,  contaioii? 
iiljout  28  per  cent,  of  the  Iatt«r  mcUt, 
|.^,,.   ],yi  '1.'^  well   as  small    ijtiaalities  of  Ind, 

iiiiiimony,  etc.,  remains  in  the  amft 
It  is  putiSed  eiilier  by  cupellation  or  by  refining. 

Cupelluilon  consists  in  melting  the  impure  silver  with  letd, 
as  will  ho  descrilied  on  piige  335.  In  refining,  the  siWtr  U 
melted  in  a  hemiiipherical  iron  vessel  lined  with  a  thick  lajtf 
of  marl  and  wood  Belies.  It  is  a  porous  cupel,  which  tbuAt 
the  oxides  formed  by  the  action  o['  the  air  upon  the  lead  ud 
copper  alloyed  with  the  silver;  the  latter  remains  in  tbeci^ 
at  the  close  of  the  operation  in  a  pure  state. 

Mexican  AmalgamaHon  fnicetn. — American  nlver  OieMfr 
sisla  of  sulpharacnide  and  .lulpliantimonide  of  silver,  mixed  «ili{ 
silver  chloride  and  native  silver,  the  whole  being  di 
in  silica,  calcium  carbonate,  and  ferric  oxide.     In  It 
lijilowing  primitive  process  is  still  used.     The  finely-pi 
ore  is  mixed  with  two  per  cent,  of  eommon  salt  and 
into  circular  arcax  paved  with  flag-stones,  where  it  b  r 
homogeneous  by  being  trodden  for  several  hours  by 
About  one  per  cent,  of  copper  pyrites  which  has  been  i 
in  the  lur  and  contains  cupric  sulphate  is  then  added.    % 
latter  salt  reacts  with  the  sodium  chloride,  forming  sodina 
phate  and  cnpric  chloride,  which  latter  deoompueea  '  '~' 
sulphide,  forming  silver  chloride  and  cuprio  snlphii 


SILVER. 

s  then  added  and  r(.M:lai-i»  ibe  silver  chloride,  with  ft 

D  of  chloride  of  morrury  and  jQctallicsilvM.     I>urinf!  tl 

^lAole  lime  the  moss  is  continually  trodden  hy  tho  mulc§, 
tlie  mercury  comes  in  contact  with  the  duMcniinated  silver : 
amalgam  fonu«d  Bolidifiw  in  abont  a  fortnight.  A  second 
finally  a  third  lulditiun  of  mercnry  is  thou  made  until  7  or 
pule  of  that  muUl  huve  boeu  employed  for  one  part  uf  ail' 
U>  be  extnclvd.  AlU-r  a  fuv  uiuutha,  the  operation  is  k-n 
tinted,  and  the  niuKH  i^  nuahi'd  with  la^  ((aantities  of  wat«r 
r«tDi>Ti!  the  i?iuthy  uud  salty  luuUon.  Tbu  aiuulgam  rcmuinji,] 
and  is  heated  in  ordor  to  nxtnut  the  Hilvcr. 

American  Proci-m. — The  above  niulhod  of  extraution 
dow  to  be  employed  liir  the  vast  iiuunlities  of  Bilver  on 
HTc  mined  on  the  Pacific  Slope.     The  ore  is  there  crushed  and 
ruut«d  with  Bodiniu  chloride  and  a  «mul]  pro{Hircinn  of  cnprio 
solphato,  in  furaacos  of  apeculiar  constniction.     By  this 
ull  of  the  silver  \s  converted  into  chloride,     Tlie  mwn  is  made 
iuto  a  pulp  with  wat«r  aud  a{.dlated  with  monrury  in  krge 
i.r  vote.     The  ailver  chloride  ia  reduced  as  before,  iiud  th«^^ 
aniatgaui  ohtnined  is  firnt  GijurttuH]  out  uud  afltsrvardH  hcataj" 
in  iron  retorts  lo  expel  the  mercury. 

Fropertiea. — Silver  ia  the  whitest  and  most  brilliant  of  altj 
the  ordinary  metals.  Next  to  ^Id,  it  is  the  ujost  muUeoUs 
and  ihe  njo«t  ductile.     Its  density  is  111.5. 

It  inellA  towards  1000°,  and  when  tiised  has  the  ciirion§ 
pnipcrty  of  dissolving  oxygen,  of  which  it  absorbs  ZZ  timea  its 
volume.  Un  solidifying,  it  a^ntin  disongagps  the  gaa ;  this  phe- 
niitnr'iion.  which  occasionally  caiiacs  the  projection  of  portions 
of  xilvtT.  w  lulled  tinittng.  Silver  volatilizes  at  the  high  l«m- 
pcnUurc  of  the  oxyhydrogen  blow-pipe. 

It  i»  unaltered  by  the  air.  It  absorbs  oKone,  bein^  converted 
inln  the  dioxide  Afi't)'.  It  combines  with  hydrogen  diostde, 
forming  nrgcntooa  and  argentic  hydraica  (Wetltien), 

It  decompose*  mnccntrotcd  wilutiim  of  hydriodiu  acid, 
enfstging  hydrogen  and  forming  silver  iodido  (Deville). 
drochlorie  add  only  attacks  it  sufierficioUy.  Hydrogen  milph 
blacken*  it,  funning  a  pellicle  of  silver  nulpliide.  l(a  bwt  i 
vent  is  nitric  acid  which  attacks  it  in  liie  cold,  yielding  sllvi 
■imt«  and  (Uacugnj^ng  red  v»]>or&. 

«  alk alios  have  nu  action  u|)on  silver;  for  tliis  r 

.  for  fnaing  pol4at«iiuui  hydrate  aud  uonoeuti 
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SILVER  OXIDE. 
AgK) 

The  only  important  oxide  of  silver  is  the  monoxide,  vUcb 
is  prenpitated  in  the  anhydrous  Htat«  when  potassium  hjAnlt, 
free  from  chloride,  is  added  to  &  solution  of  silver  nitnUe. 

It  forms  an  olive-brown,  flocculent  deposit  nbicb  yields  t 
brown  powder  on  drying. 

Silver  oxide  is  readily  decomposed  by  heat  into  silver  and 
oxygen.  It  is  reduced  by  hydrogen  al  a  temperature  belof 
1(10°.  When  recently  precipitated,  il  is  slightly  soluble  ii 
water.  It  is  an  encrgetii:  base,  perfectly  neutralising  the  itddi, 
and  dii<placing  cuprie  oxide  irom  the  cuprie  salts. 

When  oxide  of  silver  is  digested  with  ammonia  it  is  oia- 
verted  into  a  very  explosive,  black  powder,  known  u  fiiliiii' 
nating  silver.     lu  compoaition  is  not  yet  well  known. 

SILVER  SULPHIDE. 

Ag'S 
To  the  oxide  of  silver  corresponds  the  sulphide  A^.rtiifc 
occurs  native,  cryHtalHied  in  repular  oetahedra,  ordinarily  i™ 
ified  by  focettfis.  It  is  soft  and  can  be  Bcratched  by  the  fing* 
nail.  Silver  and  sulphur  also  combine  readily  by  the  aid  of 
beat. 

SILVER   CHLORIDE. 


This  body  is  found  native  and  is  known  to  mineralogirti* 
horn-tilvcr.  It  is  sometimes  found  crystallized  in  cube*  tt' 
oetahedra.  It  is  formed  directly  when  silver  is  healed  in  di!»- 
rine  gas,  and  is  prepared  by  double  decum position  by  adding 
hydrochloric  acid  or  a  solntion  of  sodium  chloride  to  whiltn 
of  niirate  of  silver.  A  white,  curdy  precipitate  is  thusobtum 
which  assumes  a  violet  tint  when  exiiosed  l«  the  action  ofHgti 
The  change  of  color  is  due  to  partial  decomposition. 

Silver  chloride  melts  at  about  260°,  and  solidifies  on  ooofiif 
to  a  pray,  hom-liko  mass  that  can  be  cut  with  a  knife. 

If  recently  precipitated  and  moist  silver  chloride  be  plW 
upon  a  sheet  of  sine,  in  a  short  time  a  dark  color  will  appOf 
on  the  borders  of  the  chloride,  and  the  whole  of  that  body  v3i 
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>-'".'n  hv  convfrti-tl  into  ;i  «.lark-;iniy  jM»\V(l«'r  nt'  tiiidyHlividtMi 
iiiJver.     Zinc  chloride  la  at  the  same  time  formed. 

This  reaction  takes  place  much  more  rapidly  if  the  silver 
ehloride  be  moistened  with  hydrochloric  acid.  In  this  case 
the  reduction  is  effected  by  nascent  hydrogen  produced  by  the 
action  of  the  hydrochloric  acid  on  the  sine. 

When  silver  chloride  is  fused  with  the  alkaline  hydrates  or 
euhonates,  it  is  reduced  to  metallic  silver :  oxygen  is  disen- 
gaged, and  an  alkaline  chloride  is  formed. 

Recently-precipitated  silver  chloride  dissolves  readily  in  aque- 
ous ammonia.  When  dry,  it  absorbs  ammonia  gas  abundantly, 
and  Faraday  employed  Uiis  compound  for  the  preparation  of 
liquid  ammonia. 

Silver  chloride  dissolves  also  in  solutions  of  the  alkaline 
hyposulphites. 

SILVER  IODIDE. 

Agl 

Silver  iodide  is  obtained  as  a  yellow  precipitate  by  adding 
potassium  iodide  to  a  solution  of  silver  nitrate.  It  blackens 
on  exposure  to  light  It  is  but  very  slightly  soluble  in  ammo- 
Ilia,  a  property  which  distinguishes  it  fVom  silver  chloride. 

SILVER  NITRATE. 
AgNO» 

This  salt  is  prepared  by  dissolving  silver  in  nitric  acid.     If 
the  metal  be  pure,  a  colorless  solution  is  obtained  which  after 
otmoentration  and  cooling  deposits  large,  colorless  tables  of  an- 
hydrous silver  nitrate.    If  silver  coin  be  employed,  the  solution 
^  be  blue,  containing,  independently  of  silver  nitrate,  cupric 
Hitiate.    The  latter  may  be  removed  by  evaporating  the  residue 
U>  dryness  and  carefully  heating  it,  so  that  the  salt  may  remain 
fined  for  some  time.     The  cupric  nitrate  is  decomposed,  while 
Uie  silver  nitrate  remains  mixed  with  cupric  oxide,  from  which 
it  may  be  freed  by  solution  and  filtration. 
Fused  silver  nitrate  constitutes  hmar  caustic. 
This  salt  dissolves  in  its  own  weight  of  cold,  and  in  half  its 
wdgfat  of  boiling  water.    The  solution  \&  neutral  to  test-paper. 
When  exposed  to  the  air,  it  blackens,  as  do  also  the  crystals 
and  the  fiised  salt,  by  reason  of  a  partial  reduction  due  to  the 
Qiguiic  matters  suspended  in  the  air. 


It  bUokene  the  §kin  from  a.  aimilar 

Hydrogen  slowly  reducut  the  Boliitiim  «f  silver  nitrale  irith 
deposiliun  of  metiilHi:  sUvi^r  ( liiiltptofl), 

Charactera  of  Silver  Salta.— Solutions  of  the  »\ha  mhi 
arc  precipitated  black  \>y  hydrogen  sulphide  and  by  tuumonJDa 
Hulpnidi^. 

PutaMsium  hydrate  forma  an  olive-green  pre«pitat«  of  hItw 
oxide,  insoluble  in  excess.    Aniniunia  dues  nut  prvcipiuto  ibcm. 

Hydrochloric  ai'id  and  the  soluble  tbloridctt  forui  u  white 
prceipitaCe  of  silver  chloride,  ioBoluble  in  either  cold  or  boibiig 
tiitrie  tEi'id,  but  soluble  in  ammoniu. 

Poliueium  iodide  givea  u  yellow  precipitate,  almost  insoluble 


Stlverinc. — This  opemtion  consislH  in  covering  the  conunuD 
metals  or  glass  with  a  coating  of  silver  more  or  lees  thick. 

The  metals  are  silvered  by  either  amaltraoiation  or  palToiiw 
deposition.  In  the  latter  and  preferable  operation,  a  s-ilniiim 
of  the  double  cyanide  of  silver  and  potassium  is  generally  la/^. 

Mimira  and  ^luia  articles  in  general  are  silvered  by  liu:  iv- 
duetiun  of  a  silver  salt  by  aldehyde,  glutMse,  or  tartaric  acid. 
The  following  receipt  is  given  by  Liebig:  a  solution  of  \^ 
grammes  of  silver 'nitrate  la  supersaturated  with  ammonia  ud 
rendered  strongly  alkaline  by  caustic  soda.  The  volume  «f 
the  liquid  should  be  1450  e.c  Another  solution  is  prc{i»i^ 
by  dit^nlving  1  part  of  milk  sugar  in  10  parte  of  vnOer.  t^ 
latter  solution  is  mixed  with  its  own  volume  of  the  Gnt  ■uli' 
tion,  and  the  glass  to  be  silvered  is  wasbed  with  itkohal  I'i 
immersed  in  the  liquid.  The  reductiou  of  the  »lveT  bait  bt^H 
immediately,  and  does  not  require  the  aid  of  heal. 

The  experiment  may  easily  be  made  in  a  glase  Aaek,  ibt 
.  inU'rior  of  whieb  will  bo  uniformly  silvered. 

Auaying'  of  Silver.— This  name  is  applied  to  the  melbo^ 
which  serve  for  the  analyuis  of  alloys  of  eilver  and  copper,  aiA 
as  coin,  medals,  silverware,  and  jewelry.  The  assay  maj  b( 
conducted  by  the  dry  way  or  by  the  wet  way. 

The  dr)/  away  consists  in  the  operation  called  cyprliatia 
(Fig.  103).  A  certAin  quantity  of  mctaJliu  lend  is  mclt«d  t 
a  cug)cl  of  bone-ash  in  a  reverberatory  furnace,  and  a  woi^ 
quantity  of  the  alloy  of  Niver  aud  copper,  carefully  wrqm 
in  a  small  piece  of  paper,  is  placed  upon  the  fused  metal.  Tb 
silver  disstilves  in  the  melted  lead,  and  a  ternary  alloy  is  tkr 
obtained  which  is  exposed  to  the  action  uf  air  at  a  red  luK 


Ca<ier  tbese  conditions,  the  lead  and  copper  become  oxidiied  ; 
ibe  oxide  of  lend  fuses,  and  ibo  melted  litharge,  which  Hhould 
b«  m  great  eJtcesa  in  proportion  lo  the  i>iiilc  of  copper,  dis- 
uItcs  the  latter,  and  with  it  is  abwrbed  by  the  porous  cupel. 
The  pbenomenoo  of  brightening  (page  336)  indicates  the  ter- 
nuuiioD  of  the  procees. 


The  vel  tutay,  invented  by  Gay-Lussac,  cnnBiHts  in  adding 
•«  a  solution  in  nitric  acid  of  a  known  weight  oi'  the  alloy  of 
^Hm  and  eopper,  a  titered  solution  of  Bodiuu  chloride,  that 
^  (  Bululion  cont^ning  an  exactly  known  weight  of  salt  in  one 
Qtre  of  water.  Thia  solution  in  cautiously  saded  until  it  no 
"n^  precipitates  silver  chloride,  and  the  ((uantity  of  eilver 
prnent  \b  calculated  by  the  vobitne  of  the  titered  soIutioD  that 
u>  be«n  refjuired  to  completely  precipitate  the  silver  in  the 
Kmi  of  chloride.  As  the  latter  readily  deposits  from  a  liquid 
itt  is  carefully  agitated,  it  is  easy  to  catch  the  tennination 
if  the  operrition,  that  is,  the  preci-ic  moment  when  all  of  the 
iDrer  is  precipitated  and  the  addition  of  the  titered  liquid 
nut  be  arrested. 
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Process. — Two  titered  solutioiiB  are  used  to  precipitate  tliA 
silver :  1st,  a  normal  solution,  containing  0.5417  gramme  of 
sodium  chloride  per  decilitre,  a  quantity  sufficient  to  precipitate 
one  gramme  of  silver ;  2d,  a  decinarmal  solution,  that  is,  one 
containing  the  same  quantity  of  sodium  chloride  per  litre,  so 
that  1  c.c.  of  this  liquid  will  precipitate  one  milligramme 
of  silver.  To  analyze  an  alloy  of  silver,  a  coin,  for  example, 
such  a  quantity  is  weighed  as  would  contain  one  gramme  of 
silver,  if  the  proportion  of  silver  were  a  little  less  than  the 
extreme  limit  allowed.  If  the  alloy  ought  to  contain  900 
thousandths  of  pure  silver,  with  a  tolerance  of  2  thousandths, 
it  would  be  rejected  should  it  don  tain  only  897  thousandths. 

Wo  suppose,  however,  that  the  latter  is  its  quality,  and 
wei&rh  a  quantity  of  the  alloy  which  would  then  contain  one 
gramme  of  pure  silver,  that  is,  1.1148  grammes.     This  alloy 
is  ili^iSi^lvod  in  nitric  acid,  and  one  decilitre  of  the  normal  solo- 
tion  is  addeil.    All  of  the  silver  should  not  be  precipitated,  for 
tho  staiulanl  of  the  alloy  should  be  above  897.     This  is  deter- 
ttiiiuvl  bv  adding  to  the  clarified  liquid  one  or  more  cubic  ocd- 
n«u»ir\*s  i»f  the  decinormal  solution,  until  the  liquid  ceases  to 
Iv  trv»iibKHl  bv  a  fresh  addition.     As  each  cubic  centimetre  of 
Ov;x  sv^lution  ivm^sponds  to  one  milligramme  of  silver,  we  most 
i.l*  :v»  the  i;nimme  of  silver  at  first  precipitated  as  many 
utv\:r.iiumt»s  as  we  have  added  cubic  centimetres  of  the  deci- 
vv-:  -i^  i!  sv'Uuion.  the  last  cubic  centimetre  added  counting  for 
o.-'\  *rV,t' A  uulHirnuume.    Knowing  the  quantity  of  pure  silver 
,v  '  .»  -aI   isi    I  1148  grammes  of  the  alloy   analysed,  the 
x..t",-i*.\:  ,  t*  the  latter  is  determined  by  a  simple  calculation. 


\\  > 


.•    ^i 
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CALCIUM. 

C*  =  40 

\  •>  utuxorsally  known,  is  the  oxide  of  a  meUl 

VvXA^rvling  to  Li^s-Bodard  and  Jobin,  calcium 

,vx  ;\  vi\\\mi(K»sing  calcium  iodide  with  sodiuni 

^    i.       ^latthii^s^'u  obtained  it  by  decomposing 

.'  '  I'.u-  bv  the  voltaic  current. 

v'^  vvlor  when  freshly  filed,  but  it  tarnishes 


,    _  X        --^   * '  A--^i  Kwmes  covered  with  a  grayish  hyts 
\y,s'^ «  .      ^^  '^'>^-  K>-<(U\l  upim  platinum-foil,  it  takes  fii«  9sA 
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burns  with  a  dazzling  flame.     It  deoompofles  water  at  ordinary 

temperatares. 

OXIDE  AND  HYDRATE  OF  CALCIUM. 

Lime,  or  calcium  oxide^  CaO,  is  obtained  by  calcining  the 
offbonate  in  peculiar  fnmacee,  which  are  called  lime-kilns.  It 
occurs  as  large,  compact,  and  hard  grayish  masses,  which  con- 
ititotc  quicklime,  "* 

It  is  infusible,  even  at  the  highest  temperatures.  When 
exposed  to  the  air,  it  attracts  moisture  and  carbonic  acid,  aug- 
ments in  volume,  and  is  finally  converted  into  a  white  powder, 
a  mixture  of  calcium  hydrate  and  carbonate.  When  lime  is 
iprinkled  with  water,  it  absorbs  the  liquid  without  giving  rise 
to  any  particular  phenomenon ;  but  in  a  little  while,  the  pieces 
ntnrated  with  water  become  hot,  give  oflF  steam,  and  then  they 
'  split  and  increase  in  volume.  If  enough  water  be  used,  the 
qoick-lime  will  be  converted  into  a  white  powder,  which  is 
ttlled  slaked  lime;  it  is  calcium  hydrate. 

[  CaO  +  H'O  =  CaO^IP  =  Ca(OH)' 

When  slaked  lime  is  suspended  in  water,  a  wliite,  creamy 
liquid  is  obtained  that  is  called  milk  of  lime.  If  this  be  fil- 
tered or  allowed  to  settle,  the  clear,  limpid  liquid  resultini^  will 
We  an  alkaline  reaction,  for  it  contains  a  small  quantity  of 
calcium  hydrate  in  solution :  it  is  lim^-water.  Calcium  hydrate 
is  more  soluble  in  cold  than  in  hot  water. 

Employment  of  Lime  in  Constructions. — Lime  is  largely 
employed  fur  building  purposes  in  both  <,rdinary  and  submarine 
constructions.  The  limestone  which  is  used  for  the  preparation 
of  lime  is  rarely  pure,  and  consequently  the  product  of  its  cal- 
eination  presents  different  qualities,  according  to  the  propor- 
tions of  foreign  matters  which  remain  in  the  lime,  and  which 
consist  of  a  small  quantity  of  magnesia,  oxide  of  iron,  and 
especially  clay.  Fat  limes  are  those  j^roduced  by  the  calcina- 
tion of  almost  pure  limestones;  they  develoj)  much  heat,  and 
•well  up  very  much  on  slaking.  Suih  lime  i'urnis  an  unctuous 
tad  binding  paste  with  water,  and  forms  ordinary  mortar  when 
mixed  with  sand.  Impure  limestones  yield  lean  lime,  coutain- 
iig  magnesia,  oxide  of  iron,  and  clay.  It  is  gray,  and  develops 
\  hit  little  heat  and  increases  but  slit;htly  in  volume  on  slaking. 
"  The  calcination  of  limestone  containing  from  10  to  30  per  cent. 


f 
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of  cIbj  prodoDes  hydraulic  time.  Suoli  lime  Kta  ncider  mt«r, 
tbat  is,  the  mortar  soUdiSea  atW  a  few  di^s,  and  becotoea  verj 
hard,  even  when  immersed  in  water.  On  account  of  this  cuiioM 
property  it  is  used  in  submnrine  conBtructione.  Such  lime  U 
jetlow;  staking  it  produeca  but  little  heat,  and  sea  reel}' any  ia- 
create  in  volume.  The  bjdranlio  mortar  formed  by  iu  diU- 
ture  with  eond  will  harden  under  water.  Mortars  possEsdn^ 
thia  property  may  aL!U  be  prepared  by  mixing  lime  with  baked 
ft^luceouB  materials,  auen  an  powdered  tiles,  pottery,  bricb, 
etc.  Certain  argillaceous  rocks  of  volcanic  urigin,  the  pomikiii 
80  abundant  near  Vesuvius,  for  example,  yield  an  excellenl 
hydraulic  lime  when  mixed  with  &t  lime. 

Cement  is  a  variety  of  lime  resulting  troiu  the  calciuatioo  d 
limestones  containing  from  40  to  50  per  cent,  of  slate.  Wba 
mixed  with  water,  such  cement  sets  in  a  few  minutes  in  a  la^i 
mass  like  plaster.  Vicat  has  shown  that  the  different  varieties 
of  hydraulic  lime  and  cement  can  be  prepared  by  propcHj 
calcining  carbonate  of  lime,  or  chalk,  with  various  propomM 
of  clay.  According  to  him,  ordinary  mortar  sets  because  t!ie 
lime  gradually  absorbs  carbonic  acid  gas  from  the  air,  formim; 
a  carbonate  which  hardens  and  binds  together  the  grains  of 
sand.  The  hardening  of  hydraulic  lime  and  mortar  is  due  W 
another  cause  ;  the  clay  which  they  contain  in  the  anhydwM 
stale  lends  to  become  hydrated  and  to  form  a  double  silicate  of 
calcium  and  aluminium,  or  a  silicate  and  alumiuate  of  ealdap 
insoluble  compounds,  which  became  very  coherent  on  oonWl 

CALCnJM   CHLOEIDE. 

CaCl' 

This  salt  is  prepared  by  dissolving  white  marble  or  ehatt '% 
hydrochloric  acid.    When  the  solution  is  concentrated 
large,  six-sided  prisms,  containing  tl  molecules  of  water  of  i 
tdlliiation.     They  are  very  deliquescent  and  produce 
sion  of  temperature  when  they  are  dissolved  in  water. 
be  mixed  with  their  own  weight  of  enow  or  powdered  ioa, 
cold  of  — 46°  may  be  produced. 

When  they  are  heated,  they  melt  in  their  water  of  crystaUiB 
tion,  of  which  they  lose  4  molecules  at  200°,  and  the  remain^ 
at  a  red  heat ;  at  the  latter  point  the  mass  enters  into  igneoi 
fusii)n.     Ou  cooling,  the  fused  calcium  chloride  solidifies  to 
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white,  orystalline  maas,  in  which  format  is  ordinarily  employed 
for  the  desiccation  of  gases. 
Calcium  chloride  difflolves  readily  in  alcohol. 


CALCIUM  NITRATE. 

Ca(NO«)»  +  4HH) 

This  salt  is  formed  naturally  in  the  neighborhood  of  dwell- 
ingB,  in  the  soils  of  cellarH,  and  in  damp  walls.  It  is  contained 
in  what  are  known  a.s  saltpetre  materials ;  it  exists  in  certain 
spiring  and  well  waters.  It  may  be  made  by  saturating  nitric 
add  with  calcium  carbonate.  It  is  very  soluble  in  water  and 
in  alcohol.  It  crystallizes  with  difficulty  in  six-sided,  oblique 
iliombic  prisms,  which  contain  4  molecules  of  water  of  crys- 
talliiation  :  they  are  deliquescent. 


CALCIUM   CARBONATE. 

(CARBONATE   OF   LIME.) 
CaCC)» 

Calcium  carbonate  is  found  in  great  abundance  in  nature, 
md  under  different  forms.  It  exists  crystallized  a.s  Iceland 
*paf  and  aragonite  ;  the  former  crystallizes  in  colorless,  trans- 
pffent,  and  doubly  refracting  rhombohedra ;  the  latter  in  right 
Rectangular  prisms. 

Marole,  tne  various  limestones,  and  chalk,  constitute  other 
Tarieties  of  natural  calcium  carbonate.  Pure  water  dissolves 
bnt  feeble  traces  of  this  salt ;  water  charged  with  carbonic 
idd  dissolves  a  larger  quantity,  converting  it  into  dicarbonate. 
It  18  in  this  state  that  it  is  contained  in  hard  waters. 

Calcium  carbonate  may  be  prepared  by  double  decomposition 
between  solutions  of  sodium  carbonate  and  calcium  chloride. 
When  heated  to  bright  redness,  it  is  completely  decomposed 
into  lime  and  carbonic  anhydride. 
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CALCIUM  SULPHATE. 

CaSO* 

This  salt  exists  in  two  states  in  nature :  anhydrous,  it  con- 
stitutes the  anhydrite  of  mineralogists;  combined  with  two 
molecules  of  water  of  crystallization,  it  forms  gypsum  or  plas- 
ter stone.  Gypsum  sometimes  occurs  in  lance-head-shaped 
crystals,  grouped  together  ;  they  are  divisible  into  thin,  trans- 
parent layers,  easily  scratched  by  the  finger-nail.  Certain 
varieties  of  gypsum  constitute  alabaster.  All  the  fomw  of 
hydrated  calcium  sulphate  contain  21  per  cent,  of  water. 

When  heated  to  80°  in  the  air,  or  to  115°  in  closed  vessels, 
the  sulphate,  CaSO*  +  2H'0,  abandons  its  water  of  crystalli- 
zation and  is  converted  into  the  anhydrous  sulphate.  Between 
120  and  130°,  this  dehydration  is  rapid  and  complete.  It  is 
operated  on  the  large  scale  in  plaster  furnaces.  In  this  state 
calcium  sulphate  will  readily  recombine'  with  its  water  of 
crystallization.  If  the  plaster  be  calcined  at  too  high  a  tem- 
persituro  it  will  not  ag*ain  become  hydrated. 

If  pr)wdored  plaster  of  Paris  be  mixed  with  enough  water 
to  form  a  creamy  liquid,  it  may  be  poured  into  a  mould,  and 
in  a  few  minutes  will  harden  to  a  compact  mass,  completely 
filling  every  cavity  of  the  mould.  In  becoming  hydrated.  the 
particles  ol'  calcium  sulphate  assume  the  crystalline  form  and 
increase  in  volume.  These  properties  render  plaster  of  Paris 
valuable  in  building  operations. 

It  is  also  employed  to  a  large  extent  in  agriculture. 

Calcium  sulphate  is  but  slightly  soluble  in  water.  lOOO 
parts  of  boiling  water  dissolve  a  little  more  than  2  parts  of 
the  salt;  at  35°  they  dissolve  2.64  parts;  at  20®,  2.05  parts. 


CHLORIxVATED  LIME. 

(  BLEACH  I NG-POWDER.) 

This  substance  is  largely  employed  in  the  arts  under  the 
name  chloride  nflime,  and  is  obtained  by  exposing  well-slaked 
lime  to  the  action  of  chlorine.  Its  constitution  is  not  perfectly 
understood;   it  was  long  regarded  as  a  mixture  of  calciam 


iium  hypochlorite,  CaCl'  +  Ca(ClO)'.  bnt  re- 

....  l^*«  have  (jbown  thai  it  does  not  contain  calcium 

MnfiMte  already  formed. 

Ttle  (bnoatioD  of  the  alkaline  hypocliloritea  by  the  action  of 
dilorine  on  a  tolution  of  ao  Bllcaiino  hydrate  is  explained  on 
pige  123.  With  the  hydrates  of  diatomic  uctals  like  calcium 
■lie  aotioD  is  more  complicated,  and  is  prohahly  expressed  b; 
llweqnation 


C«(OH)'  +  CI'  =  CaCOCI)Cl  H 
Ita  manu-lactiire  is  conducted  by  passin 


3'0 


_  a  current  of  chlorine 
over  slaked  liuie  placed  in  layers  upon  fihelvea  arranged  in  the 
"ills  of  masonry  chambers  (Fig.  104).  Tbc  product  alwaya 
<>)ntiiin3  a  certain  proportion  of  lime  wbich  canuot  possibly  be 
chlorinated. 


i-h-' o  ;in  energetic  bleachiiip,    ^l     ,  ..:.i.i.  :'.ic 

irduencti  ut  .iuids  it  is  deoomposcd,  chlonni.  bciug  ml  Ireu,  A 
iulation  of  the  compoaod  is  decomposed  by  the  inore  teeble 
■ri&,ewn  by  carbonic  acid  gas,  and  decomposes  epontaneoosly 
fa  a  short  time  into  culcium  chloride  and  calcium  hypochlorite. 
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Inasmucli  as  the  substance  is  a  mixture,  and  not  a  dMk 
compound,  its  reactions  may  be  interpreted  in  seyeral  diffisrent 
manners.  It  alwajrs  contains  water,  oaloiom  hydrate  and  a 
proportion  of  calcium  chloride,  and  its  active  prineiple  is 
probably  expressed  by  one,  or  perhaps  both,  of  toe  following 
formulse : 

Ca<^^^  =  CaOCl' ;  Ca<2  g  =  CaOCLOH. 

The  reactions  might  then  be  written  as  follows: 
The  spontaneous  decomposition  of  the  solution, 

2CaOCP       =       Ca(C10)"         +         CaCP 

CBlcium  nypochlorlte.  Calcium  ehloiidt. 

2CaOCLOH  =  Ca(ClO)"  +  Ca(OH)«; 
its  decomposition  by  hydrochloric  acid, 

CaOCl*  +  2HC1  =  CaCl'  +  H«0  +  CP 
CaOCl.OH  +  3HC1  =  Ca01«  +  2HH)  +  CI*. 

When  a  solution  of  chlorinated  lime  is  boiled,  it  is  at  once 
decomposed,  yielding  calcium  chloride  and  calcium  chlorate: 

eCaOCl*      =       5CaCP         +         Ca(C10*y. 

Calcium  chloride.  Calcium  chlorate. 

Characters  of  Calcium  Salts. — Calcium  salts  are  not  pre- 
cipitated either  by  hydrogen  sulphide  or  ammonium  sulpbide. 
Sodium  carbonate  forms  in  them  a  white  gelatinous  precipitate. 
Sulphuric  acid  and  the  solulble  sulphates  produce  a  white  pre- 
cipitate, if  the  calcium  .solutions  be  concentrated  or  only  inod- 
erately  dilute.  Oxalic  acid,  or  better,  ammonium  oxalate, 
produces  a  white  precipitate  of  calcium  oxalate,  CTcn  in  the 
most  dilute  solutions  of  calcium  salts. 


STRONTIUM 

Sr  =  87.6 

Strontium  was  discovered  by  Davy  in  1808,  but  the  me*** 
was  isolated  by  Bunsen  and  Matthiessen  by  the  aid  of  a  proce* 
similar  to  that  which  serves  for  the  preparation  of  bariaia. 


MiiihiesseD  describes  it  as  a  yellow  metal,  havins  »  density 
of  2.50-2.58.  harder  thao  lead,  and  decogipoeing  cold  water. 

Strontium  torms  two  oiides,  a.  monoxide,  SrO,  and  a  dioxide, 
SrO-. 

Siroitlium  e/doride,  SrCl*,  crystolliies  in  de1i<|uescent  needles 
which  conuin  Uiree  molecules  of  water  of  erystallizatioD.  It 
is  very  soluble  in  water  and  sliphtly  soluble  in  alcohol;  the 
alcohulic  solntion  burns  with  a  red  flame. 

Slrontiam  nitrate,  Sr(NO'|',  which  is  prepared  like  barium 
niiMU),  is  deposited  from  iia  hot  aqueous  solution  in  anhydrous 
oaahedra,  and  cryslalliEes  at  low  temperatures  in  oblique  rhom- 
bit  tables  containing  S  molecules  of  water  of  crystalliiatiop 
'  Liurent). 

The  carbonate  of  ttrmttiiim,  SrCO'  (sirontianite),  and  the 
fljihale,  ,SrS!0*  (celeBtine),  are  found  native.  These  two  salts 
iiiv  iiM'lublc  in  water,  and  are  deposited  as  white  preeipitates 
"u  adding  u  soluble  carbonate  or  sutpltate  to  the  solution  of  a 
struDtium  ^1.  Strontium  sulphate  is  Icsk  insoluble,  however, 
ibn  barium  sulphate.  Strontium  salu  color  flames  red,  and 
Ibe  aitrate  is  used  in  red  fire. 


BARIUM 

Bn  =  13T 

BuiLscn  obtiiined  barium  by  the  electrolysis  of  fused  barium 
elilnride ;  this  metal  is  very  avid  of  oxyjren,  and  tarnishes 
tspidly.     It  dfeomposes  cold  water. 

Barium  Oxide,  or  Baxytai  BaO. — Barium  oxide  is  obtained 
t>;  udeining  barium  nitrate.  ItH  nature  was  first  recognized 
in  1808,  by  Davy,  who  decomposed  it  by  the  voltaic  current. 
U  ia  a  gray,  porous  substance,  which  unites  enei^tically  with 
*«ler,  producing  a  hiding  noise  and  a  great  disengagement  of 
*le»m,  due  to  the  elevation  of  temperature.  Tlie  product  of 
^c-  reaction  Is  a  white  hydrate,  ordinarily  knowu  as  caustic 
Urjta. 

_  BaO     +     n'O     =     Ba(OH)' 

soluble  in  two  parts  of  boiling  water,  and 

part  deposited  in  large  tabular  crystals, 

molecules  of  water.     The  solution  of  biiriuut  liy- 
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BtriTun  IMozide,  Bt(y. — ^When  diy  osjgen  k  fmmi  ow 
barium  oxide  heatodato  dull  rednoBi  the  gtf  ii  absorM  tad  a 
dioxide,  BaO*,  is  formed.  It  is  a  gny,  porona  maa,  nae- 
times  greenish.  It  loses  one  atom  of  oxygen  at  a  bi^uri 
heat  When  brought  in  oontaob  with  water,  it  oombinei  witli 
the  latter  quietly  and  without  diaeng^agraient  of  heat,  fiming 
a  pulverulent  hydrate. 

When  treated  with  sulphuric  add,  barium  dioxide  diMS- 
eages  oxygen  mixed  with  osone.  When  its  hydrate  is  iatro- 
duced  into  hydrochloric  acid,  hydrogen  dioxide  is  formed. 

BariTUn  Sulphide,  BaS.— This  is  obtained  by  ndadig 
barium  sulphate  with  charcoal. 

BaSO*      +     C*    =      BaS      +     4C0 

Barinm  vulphate.  Barlun  nilplildii 

The  sulphate  is  reduced  to  fine  powder,  and  is  mixed  wiA  a 
certain  quantity  of  flour  or  rosin.  The  mixture  is  then  made 
into  a  pa8te  with  linseed  oil,  and  shaped  into  little  balls.  T^ 
are  calcined  at  a  bright-red  heat  in  a  covered  crucible,  and  a 
porous,  <rray  mass  is  thus  obtained  which,  when  treated  witk 
boiling  water,  yields  a  solution  which  deposits  hexagonal  taUes 
aflcr  filtration  and  cooling.  These  crystals  do  not  piesent  a 
very  constant  composition :  it  is  a  mixture  of  sulphide,  solphj- 
drate,  and  hydrate  of  barium.  Their  solution  has  a  li^t-yel- 
low  color. 

BARIUM   SALTS. 

Barium  Chbride,  BaCl"  +  2HH).— This  salt  is  obtained 
by  saturating  the  solution  of  barium  sulphide  with  hydrochkrie 
acid.  Hydrogen  sulphide  is  disengaged;  the  solution  is  boiled, 
filtered,  and  evaporated  to  crystallisaUon.  Barium  chkmde 
separates  in  quadrangular  tables  belonging  to  the  type  of  tke 
right  rhombic  prism.  These  crystals  are  inalterable  in  the  ab- 
100  parts  of  water  at  18°  dissolve  43.5  parts  of  barium  ^ 
ride,  and  78  parts  at  105.5°,  the  temperature  of  ebnilition  of 
the  saturated  solution  ( Qay-Lussac).  Absolute  alcohol  dif 
solves  ^^  of  its  weight  of  barium  chloride. 

Barium  Kitrate,  Ba(NO')'. — Barium  nitrate  is  prepare^ 
by  decomposing  barium  sulphide  or  carbonate  with  dilute  aitn^ 
acid,  and  filtering  and  evaporating  the  solution. 

It  crystallises  in  regular  octahedra,  or  in  eabo-octahedf#' 
The  crystals  are  transparent  and  unaltered  in  the  air.     Obi^ 
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ptii  of  this  salt  requires  for  its  solution  20  parts  of  water  at 
0.12'' ;  5  parts  of  water  at  lb"";  2.8  parts  at  lOG"",  the  tem- 
perature of  ebullition  ( Qaj-Lussac).  When  heated  to  redness, 
barium  nitrate  gives  off  oxygen,  nitrogen,  and  red  vapors,  leav* 
ing  a  residue  of  oxide,  BaO. 

Barium  Sulphate,  BaSO. — This  salt  is  found  abundantJj 
in  nature  as  heavy  9par,  and  sometimes  occurs  in  right  rhom- 
bic crystals.  It  is  entirely  insoluble  in  water  and  acids,  with 
the  exception  of  concentrated  sulphuric  acid.  It  is  precipi- 
tated as  a  finely-divided,  amorphous  powder  when  sulphuric 
add  or  a  soluble  sulphate  is  added  to  a  solution,  even  very  di- 
lute, of  a  salt  of  barium. 

Barium  Carbonate,  BaCC. — Barium  carbonate  constitutes 
an  amorphous,  white  powder,  which  is  obtained  by  double  de- 
composition on  adding  solution  of  sodium  carbonate  to  a  solu- 
tion of  barium  sulphide.  Natural  barium  carbonate  is  an 
abundant  mineral,  and  is  found  crystallized  in  right  rhombic 
prisms ;  it  is  called  tcttherite. 

Characters  of  Barium  Salts. — Barium  salt^  are  precipi- 
tated neither  by  hydrogen  sulphide  nor  by  ammonium  sulphide. 
Sodium  carbonate  produces  in  them  a  white  precipitate.  Even 
when  very  dilute,  the  barium  salts  produce  a  white  precipitate 
with  sulphuric  acid,  which  is  insoluble  in  either  cold  or  boiling 
nitric  add.  The  salts  of  barium  communicate  a  green  color  to 
flames :  the*nitrate  is  used  in  green  fire. 


GLUCINUM,  OR  BERYLLIUM. 

Gl,  or  Be  =  9.6 

Gludnum,  magnesium,  zinc,  and  cadmium  form  a  group  !a 
vhich  the  chemical  analogies  of  the  members  are  well  marked. 
They  are  diatomic,  forming  oxides  RO,  and  chlorides  RCP. 

The  varieties  of  beryl,  including  the  green  precious  stone 
f^inerald  and  aqua-marine^  contain  a  double  silicate  of  aluminium 
*nd  glucinum.  The  latter  metal  was  first  isolated  by  Woehler 
in  1827. 

Oludnum  is  prepared  by  the  reduction  of  its  chloride  by  po- 
Uflnum  or  sodium.  It  is  white  and  brilliant,  has  a  density  of 
2.1,  and  melts  at  a  temperature  below  the  fusing-point  of  silver. 
It  does  not  decompose  water,  even  by  the  aid  of  heat,  but  is 
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readily  aitackeJ  by  hjdrouhlortc  and  eulpburic  avida,  h;dnigHi 
bein^  cvolrcd  and  a  uhloride  or  sulphulc  Ibrmed. 

Glttcinam  Oxide,  (jIO,  is  prepared  from  beryl,  or  bv  pre- 
cipilaiing  by  animooia  a  solulioD  uf  gluciiiuni  cbloride.  latbe 
latter  ease  a  liydmte  GI(OH/  is  obtained,  whicb  is  coDT«ud 
iato  oxide  by  beat. 

The  oxide  is  d  light,  white,  iofuBible  powder,  soluble  in  itiis 
sod  ulkulies.  When  heated  la  ibe  oxyhydrogea  Same,  it  <alt- 
tilizea  like  inagnesiuui  aud  zinc  oxides. 

Olnointtm  Cilloride,  GICl'. — This  sidt  may  be  prepared  bj 
passiu<;  chloriue  over  an  intimate  mixlnre  of  beryl  nud  chanoil 
at  a  liigh  temperature.  The  mixture  is  made  iolo  Utile  balls  bj 
tbe  aid  of  a  amall  quantity  of  oil ;  (hcso  are  calcined  in  a  cap- 
ered crucible,  and  then  introduced  into  a  clay  retort,  in  wbicb 
they  can  be  heated  iti  a  current  of  chlorine.  Tlie  tubulareaf 
the  retort  is  adapted  to  an  opening  in  the  bottom  of  a  cruciblt 
which  is  covered  with  a  fuunel.  A  tube  ennncdwi  with  the 
beak  of  tbe  funnel  ourriea  the  fra-tcB  to  a  cbinincy.  During  tW 
reaction  carbon  monoxide  is  disengngfd,  und  the  chloriduoi 
glucinum,  aluminium,  and  silicon  are  formed.  The  cnieibk 
becomes  so  highly  heated  thai  the  aluniinium  and  silicon  chlo- 
rides do  not  condense  in  it  with  the  glucinum  chloride :  part  of 
the  aluminium  cbloride  condenses  on  the  walls  of  the  fUnnd- 
The  glucinum  chloride  is  removed  from  the  crucible  and  fnfl' 
fied  by  redintillation.  * 

Glucinum  chloride  forms  white,  deliquescent  crystals  thit 
fume  in  the  air,  condensing  atmospheric  moisture.  It  is  fusible. 
and  volatilizes  at  a  low  red  heat.  It  is  very  soluble  in  witer, 
and  forms  a  hydrate  which  is  decomposed  by  heat,  yivl^K 
glucinum  oxide  and  hydrochloric  acid. 

Glucinum  forms  a  nitrate,  and  a.  sulphate  which  Is  ieoiSdr 
phous  with  magnesium  sulphate. 

The  salts  of  glucinum  possess  a  sweet  taste,  to  whiA  ^  \ 
metal  owca  its  name. 


»hi(**J 


MAGNESIUM. 
Mg  =  24 

Magnesium  wna  discovered  by  Bussj.     Matthieaseo  obtuDcd 
it  by  decomposing  fused  magnesium  chloride  by  electiicity. 

I^paratioiL — Deville  and  Caron  recommend  the  followiig 
process  for  the  preparation  of  considerable  qoantitiea  of  IMg' 


MAQxsenTU  ' 


iK — MAONKMirM    CHLORIDE. 


nesiam.  A  mixture  of  IjUCt  ^amnic«  uf  iiuhydruus  magncsiiif 
ebloriile,  lUO  craiiiut^s  uf  sodium  oUuridu,  lull  grammes  4  _ 
calcium  fluoride,  ami  100  gnuuuies  of  »wliuui  uut  into  small 
pi«cix  is  heated  to  reduesd  iu  a  covered  cTutililt;.  Tlii:  magne- 
tdam  chloride  U  nHlucvd  hy  the  sodium,  uiid  the  magni^iuni 
set  free  coUeul^  ia  little  glubulue  disscmi:iul«d  iu  thu  fused 
maM,  which  must  Iw  sttrr(.-d  with  an  iraii  rod.  These  Uttlc 
l^lt^uJes  aru  remuvi^U  from  the  scoriie  when  cold,  ititroducod 
iuto  a  eliai'i.'uiil  bout,  und  heated  t<i  bri^hi  rcdacss  io  it  current 
of  hydiDgeiL  The  mugnesium  Tolatilizoft  and  condi'iw 
tber  »u  iu  tlic  tube ;  it  may  tbeu  t>e  fused  with  a  flux  cot 
uf  maguesium  chloride,  soilium  chloride,  and  calcium  fl 
The  metiJ  ouUocts  at  th^  bottom  of  the  crucible. 

PropertieB. — Mat^nesium  has  a  density  of  1.74  or  1.75. 
fuses  at  ,"iOlP.  It  decomposes  water  at  ordinary  temperalures 
but  ^liiwlv  It  may  readily  be  rolled  into  rtbbun  or  drawn  into 
wire.  The  wire  is  grayi^  and  not  very  brilliant.  Thf  end 
of  a  bundle  of  these  wires  may  bo  hi>at«d  iu  an  alcohol  lamp 
until  they  take  fire,  and  the  whole  may  ihen  be  ]>lunged  into  ik 
jar  wf  oxyfren.  They  burn  with  an  ineoinpamble  splendor  that 
the  eye  cannot  support;  at  the  same  time  the  Jar  becomes  fif 
with  B  white  smoke,  wliich  condotises  into  a  white  powder, 
|iroduct  of  (he  c<>mliustioii ;  it  ia  magneaia,  the  oxide  of  oi 
watam. 

^K     MAGNESIUM   OXIDE,   OR   MAGNESIA. 

^^^Hbis  bodv  is  obtained  by  calcining'  white  iniiL'tiiwiu.  or  ni  ^ 

1     MAm   hvamoMhonatfl.     It  is  a  whiU',  infuiible.  light,  and 

iiuipid  fHiwdur.     It  doea  not  dinfolvi-  In  u:ili'i.  Iitil  combiuiK 

with  thai  liquid  lorming  a  hydrnte.  Mi-iOlI,'  -_  MgO.H'O. 

'fhi^i  hydrHtc  alowly  restores  the  blue  oiil(jr  (u  loddciicd  litmua-  ^ 

Mai^esium  hydrate  is  precipilnted  when  a  sululiun  of  can 
pOCaaea  is  added  to  the  wdutiou  of  u  miifmeidum  suit. 

agnesia  is  frequently  employed  iti  medicine. 

MAGNESRIM   CHLORIDE. 

S  salt  is  knowu  iu  the  auliydrouii  Hl^te  and  cryHtalliKe 
' — i  nu^tiiesium  uliloride  m  prepared  by  dissolving  t' 
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carbonate  in  hydrochloriu  acid,  adding  ammonium  chloride  B 
the  solntioD  and  evaporatiug  to  dryness.  A  double  chloride  of 
magnesium  and  ammoniom  is  thue  obtained  which  may  be  per- 
fectly dried;  the  dry  mass  is  introduced  into  a  clay  cniciHemd 
heat«d;  the  ammonium  chloride  volatilitea,  while  the  nuaie- 
eium  chloride  remainju.  and  solidifies  on  cooling  lo  a  colonNi. 
|iearly  mass. 

It  is  very  soluble  in  water,  and  when  properly  concentraWJ, 

the  Bolutiiin  deposits  deliquescent,  prismatic  tTyHlals  containing 

six  molecules  of  water  of  crystallization.     These  ciysfalstM- 

not  be  dehydrated,  nor  can  their  solution  be  evaponted  k 

dryness,  witlioiit  decomposing  the  chloride  by  the  action  of  die 

water;  under  these  circumstancee  the  m^inesinm  chloride  v 

converted  into  hydrochloric  acid  and  magnesia. 

MgCl"  +  H'O  ^  2Ha  +  MgO 

MAGNESIUM   CARBONATE. 

MnCO- 

The  anhydrous  carbonate  MgCO"  (giobertite, 
found  native,  (.-rj-stalliied  in  rhombohedra,  similar  to 
calcium  carbonate.     Considerable  deposits  arc  also  found  «f  V^ 
double  carbonate  of  magnesium  and  calcium,  known  asi' ' 

When  a  boiling  solution  of  magnesium  sulphate  is  . 
tated  by  an  escesB  of  sodium  carbonat*,  carbonic  acid  _ 
disengaged,  and  a  precipitate  is  formed  containing  at  the  i 
time  ungneiiium  carbonate  and  magnesium  hydrate  (i 
.  hydrocarbon  ate). 

When  this  is  dried,  it  constitutes  the  tohite  magnena  t£vt 
pharmacies. 

MAGNESIUM  SULPHATE. 
MgSO*  +  7H>0 

This  salt  exisia  in  solution  in  sea-water  and  in  certain  pVE*' 
tlve  mineral  waters,  such  as  those  of  Se<llilz.  in  Bohemia,  i^ 
Epsom,  in  England.  Hence  the  names  SedliU  sal)  and  Epw>° 
salt,  formerly  given  to  this  body. 

At  Stassfurtb,  it  is  found  crystallized  with  one  molecole  " 
water  (kieten'ie)  and  mixed  with  the  anhydrous  sulphate. 

It  is  deposited  (rom  the  mother-liquors  of  salt-marshea  vfad' 
they  are  eviipomted  at  the  iialural  summer  heat  (Balsrdl. 

When  it  separates  at  ordinary  temperatures  from  au  !U\ue<fl^ 


mlntioo  that  has  been  tolerably  concentrated  b;  heat,  it  cryatal- 
luKs  ID  tniDspareiit  and  colorless  rijihL  rhombic  prisms.  Ac  0°,  it 
eryatallJEesnith  12  moleculcsof  water;  at  30°,  with  (i  moleculea. 
ItaUBteisdisajn^eable,  at  the  same  time  salty  ani)  bitter.  When 
mgneaiam  sulphale^  crystallized  with  7  nioleeulcs  of  water  is 
heated,  it  first  melts  in  its  water  of  crystalliiatioo,  of  which  it 
loses  6  molecules.  At  132°,  it  still  retains  one  molecule,  which 
it  loses  only  it  210^  It  is  very  soluble  in  water ;  100  parts  of 
water  at  0°  dissolve  25,76  parts  of  the  anhydrous  sulpliaie,  nnd 
0.47816  part  for  every  additional  de^nvcfGay-Lussac).  It  forms  a 
doobleBnlphatewiihpotaaMunisulpliate,K'80'.MgSO'  +  6H'0. 
Charaoten  of  Ki^eainm  Salts. — They  are  precipitated 
by  neither  hydra>ren  sulphide  oor  aiumonlum  sulphide.  8odium 
carhon.Tte  produces  a  white,  floecuient  precipitate.  Potassium 
hydrate  and  ftmnionia  form  white  precipitates,  hut  ammonia 
will  not  precipitat«  magnesia  IVom  an  acid  solution  or  from  one 
oontaining  ammonium  chloride.  Sodium  phosphate  and  ammonia 
together  produce  a  granular  precipitate  of  ammonio-magnesium 
pUMphat«.  . 

ZTNO. 

Zn  =  65,2 

Treatment  of  Zinc  Or«B. — The  zinc  ores  which  are  worked 

Me  ciiliiniiif  and  hli-nde.  Ciihimine  Is  carbonate  of  zinc,  often 
tailed  wiih  silicate;  it  contains  also  oxide  ofiron.  Blende  is  sul- 
phide of  tine-,  it  frequently  contains  a  small  quantity  of  rerrcna 
■dphide,  which  gives  it  a  brown  color,  more  or  less  intense. 

Zinc  ores  are  abundant  in  England,  Silesia,  Bcliiium,  and 
QirauKhout  tlie  United   States.     They  an'  gent-rally  aecum- 
ftaied  by  other  minerals;  thus,  blende  is  often  mised  with 
I  pjiiles  and  ^ena  (lead  sulphide).     The  ore  is  then  first  sub- 
Kilted  to  an  ingenious  syatem  of  washing,  by  wbteh  the  various 
i  Mlpfaides  separate  from  each  other  by  reason  of  their  different 
I   denutica. 

In  order  to  extract  (he  irinc  from  blende  separated  by  this 
['  SHhod,  or  from  caliunine,  the  minerals  are  firi^  roasted.  By 
I  ue  action  of  heal  calamine  loses  carlKHiic  acid  gas  and  water, 
I  ud  the  blende  disengages  sulphurous  oxide  and  is  converted 
^  ilia  nne  oxide.  Thus  converted  into  oxide,  and  rendered  more 
I  inalile  by  the  heut,  the  zinc  ores  are  pulverized  and  calcined 
I  inth  charcoal.  Carbon  monoxide  is  disengaged,  and  the  eIdb 
I  M  U  liberty  volatilizes,  and  i«  condensed  in  suitable  K 


The  operation  is  conducted  in  c^rlindere  of  refractoiy  dij, 
number  u(  whii'h  are  arranged  in  a  furnace,  and  theii  upe 
extremitiea  coniie(;t«d  with  conical  recipients  of  galvBUied  in 
(Fig.  105).  In  Silesift.  these  cylindrical  retorts  are  replac«<lt 
iiiaffle§,  which  are  ]>esMd  in  a  tiimace  and  oooununicale  «i' 
redpients  placed  outside  (,Fig.  106). 


Fia.  ItM. 

In  England,  ihc  reductiuu  of  the  roasted  ore  ie  Bccnniidiibi 
in  crucibles,  through  the  bottoms  of  which  paw  vertical  mIh 
which  terminate  in  a  reservoir  belovr  the  fiirniu.-e.  The  tit 
vapors  firat  riae  and  then  detuNioiI  b 
the  tnbi!,  itnd  as  they  condeim-,  tl> 
melli'd  metal  flows  into  the  recipW 
The  operation  is  called  diatillatiaD  pf 
./mvw„„.(FiR.  107). 

The  zinu of  comraeree  is  notalwi^ 

\mto,  eapeciaJly  when   it   owun  i 

luiutsi's;  it  contains  small  fjiiantitictol 

iron,  L-opper,  lend,  cadmiam,  cafbM 

iind  nrsenic.     Sheet  mm  is  fienenlt 

le,Hs  impure.     Ziiio  may  be  purifie 

4  by  melting  it  several  timi.ii  with  nu 

■(iiantilics  of  nitrt". 

PropertieB. — Zinc  has  u  bluu' 

i  UciiMi^  viirifs  from  iJ.Sli  to  ".2,  according  i 
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i:  hsLb  ht'vu  mtlted  or  rullod  ;  its  fraetiin*  i.-  laiiiirKittil  ami  hril- 
Jiant.  Commercial  zinc  is  brittle  at  ordinary  temperatures  ;  it 
becomes  malleable  at  a  few  degrees  above  100^,  but  when  heated 
to  200^  it  again  becomes  brittle.  It  melts  at  410°,  and  distils 
at  about  1000°  (H.  Deville  and  Trbast;.  Its  surface  wnm 
tarnishes  in  moist  air,  but  the  oxidutimi  is  only  superfi<rial. 
It  is  due  t<)  the  formation  of  a  hydn)e:ir)NnKite  of  zinc,  which 
covers  the  metal  with  an  impermeable  surface  and  protects  it 
from  further  oxidation. 

When  heated  to  redness  in  contact  with  the  air.  zinc  vola- 
tilises and  burns  with  a  greenish  flanie,  being  convtfrted  into 
oxide,  which  rises  as  smoke  and  falls  in  very  light,  white  flakes, 
fimnerly  called  flowers  of  zinc  or  philosopher's  wool. 

Zino  dissolves  with  evolution  of  hydrogen  in  hydrochloric 
sulphuric  acids,  and  in  boiling  solutions  of  ]»otjU4siuin  and 
gffj?""*  hydrates.  When  perfectly  pure,  it  is  dissolvtrd  with 
£fficulty  by  dilute  sulphuric  acid  at  ordinary  tcni}»cratures.  and 
tlie  easy  solubility  of  the  metal  of  (Mnnnicrce  must  be  attrib- 
vtod  to  the  presence  of  small  (|uantities  of  fon^ign  metuls.  The 
latter  being  electro-negative  in  contact  with  zinc,  form  voltaic 
eonples,  in  which  the  zinc  is  the  more  oxidizablc  metal. 

Galvanized  iron  is  iron  covenjd  with  a  thin  layer  ijf  zinc;  it 
is  prepared  by  plunging  carefully-cleaned  iron  objifcts  into  a 
bath  of  molten  zinc. 

Brass  is  an  alloy  of  copp<'r  and  zinc,  obtained  by  melting  the 
two  metals  together  in  crucibles. 

ZINC   OXIDE. 
ZnO 

This  oxide  is  prepared  in  tlui  arts  by  heating  zinr^  in  larire 
iDuffles;  the  product  is  separated  from  traces  of  metallic  zinc 
ky  suspending  it  in  water  and  raj»i<lly  <lccanting  tln^  white; 
wjuid.  The  zinc  sinks  to  the  bottom  of  the  vcxd  In-fore  the 
lighter  white  powder  has  time  to  deposit ;  thc^  lattir  is  therefore 
ttrried  by  the  water  into  a  second  vessel,  where  it  is  allowed 
to  settle.     The  process  is  called  eliitriation. 

Oxide  of  zinc  is  white ;  it  is  iiT(Mlucible  by  heat  and  is  insolu- 
ble in  water.  A  hydrate  of  this  oxide  is  jirecijiitated  when  an 
tlkali  is  added  to  the  solution  oi*  a  zinc  suit. 

ZnSO*     +     2K0II     =     K=SO*     +     Zn(OH)* 

zinc  lalptuae.  Ziuc  hydreta. 


\ 
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An  eloeflB  of  alkaE  will  ledivohe  die  pmeqnitte. 
Zinc  oxide  is  laigelj  naed  in  the  aiti  ai  a  WilMtitiite  bt 
white  lead  as  a  pigment 

ZmC  STJLFHIDB. 

ZoS 

The  blende  which  ocean  in  nature  is  sulphide  of  nnc  It 
djstallizes  generally  in  r^;alar  octahedra,  somedmes  in  doobk 
pyramids  of  six  feces  (Fnedel). 

On  adding  an  alkaline  solphide  to  a  nentnl  solntioe  of  t 
line  salt  a  white  precipitate  is  obtained,  which  is  hjdiatod  nae 
sulphide. 

When  moderately  heated  in  contact  with  the  air,  due  nt 
phide  absorbs  four  atoms  of  oxygen  and  is  converted  into  nt 
phate.  At  a  very  high  temperature  it  is  converted  into  caakf 
with  formation  of  sulphurous  oxide. 

ZINC  CHLORIDE. 

ZnCl« 

ZIdc  reduced  to  thin  sheets  will  bum  in  chlorine.  Zine 
chloride  is  prepared  in  the  laboratoiy  by  dissolving  line  m 
hydrochloric  acid.  The  aqueous  solution,  evaporated  to  a 
syrupy  consistence,  deposits  a  hydrated  chloride,  ZnCI*  +  HK), 
crystallizing:  in  deliquescent  octahedra.  This  salt  loses  iti 
water  when  strongly  heated,  and  melts  at  about  250®.  0« 
cooling,  a  solid  white  mass  is  obtained,  which  is  the  anhydrotf 
chloride  ;  in  this  state  it  is  very  avid  of  water  and  deliqueBM 
when  exposed  to  the  air.  It  volatilizes  without  decompositioa 
at  a  red  heat.  It  is  very  soluble  in  water,  and  dissolves  ibi* 
in  alcohol. 

ZINC  SULPHATE. 

ZnSO<  +  7HK) 

This  salt  was  formerly  known  as  tchtte  vUrioL  It  Is  ob- 
tained by  moderately  roasting  blende.  The  latter  being  oftca 
mixed  with  pyrites,  zinc  sulphate  and  ferrous  sulphate  m 
formed,  and  when  the  product  of  the  roasting  is  lixiviated  t 
solution  of  the  two  salts  is  obtained.     The  sdution  is  eTtpo* 
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nted,  and  the  dry  residue  moderately  calcined.  The  ferrous 
sulphate  decomposes,  yielding  sulphuric  acid,  which  distils,  and 
ferric  oxide,  which  remains  mixed  with  the  zinc  sulphate.  The 
residue  heing  exhausted  with  water,  the  zinc  sulphate  dissolves 
and  is  deposited  in  crystals  on  the  cooling  of  the  concentrated 
solution. 

The  salt  may  be  prepared  in  the  laboratory  by  dissolving 
zinc  in  dilute  sulphuric  acid :  it  is  the  residue  in  the  prepara- 
tion of  hydrogen. 

Sulphate  of  zinc  crystaUizes  with  7  molecules  of  water.  In 
this  state  it  occurs  as  right  rhombic  prisms,  isomorphous  with 
magnesium  sulphate. 

When  heated,  it  melts  in  its  water  of  crystallization,  of 
which  it  loses  6  molecules ;  the  seventh  it  abandons  only  at 
238°. 

At  a  high  red  heat  it  is  decomposed  into  zinc  oxide,  sul- 
phurous oxide,  and  oxygen. 

Zinc  sulphate  is  very  soluble  in  water,  of  which  100  parts 
dissolve  48.36  parts  of  the  anhydrous  salt  at  10°,  and  95.6 
parts  at  100°.     The  solution  has  a  styptic  taste. 

Zinc  sulphate  forms  crystallizable  double  salts  with  the  alka- 
line sulphates ;  thus,  there  is  a  double  sulphate  of  zinc  and 
potassium,  containing 

ZnSO*.K'SO*  +  6H^0 

Characters  of  Zinc  Salts. — The  zinc  salts  are  colorless 
miless  the  corresponding  acid  be  colored.  Their  neutral  solu- 
tions are  partially  decomposed  by  hydrogen  sulphide,  which 
precipitates  white  sulphide  of  zinc;  the  addition  of  a  mineral 
add  prevents  the  precipitation ;  the  zinc  salts  of  organic  acids, 
such  as  the  acetate  and  lactate,  are  completely  decomposed  by 
hydrogen  sulphide. 

Ammonium  sulphide  produces  a  white  precipitate  of  sul- 
phide; this  reaction  is  characteristic. 

Potassium  and  sodium  hydrates,  and  also  ammonia,  form 
white  precipitates,  soluble  in  an  excess  of  the  reagent. 

Potassium  ferrocyanide  gives  a  white  precipitate. 
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CADMIUM. 

Cd  =  112 

Natural  State  and  Extraction. — Cadmium  is  genenllj 
found  associated  with  zinc,  either  as  oxide  in  calamine,  or  as 
sulphide  in  zinc  blende.  As  it  is  more  volatile  than  line,  it 
becomes  concentrated  in  the  first  products  of  distillation. 

It  is  found  especially,  in  the  state  of  oxide,  in  the  brown 
powder  called  cadmiesj  which  condenses  during  the  first  hours 
of  the  distillation  in  the  sheet-iron  receivers  adapted  to  the  re- 
torts (Fig.  105).  When  mixed  with  powdered  charcoal  and 
calcined,  this  powder  yields  an  alloy  of  zinc  and  cadmium 
which  distils. 

The  cadmium  is  extracted  by  dissolving  the  alloy  in  dilute 
sulphuric  acid  and  passing  a  current  of  hydrogen  sulphide 
through  the  acid  liquid.  The  cadmium  is  precipitated  as  t 
yellow  sulphide.  This  sulphide  is  dissolved  in  hydrochloric 
acid  and  the  solution  of  cadmium  chloride  precipitated  by  am- 
monium carbonate.  The  cadmium  carbonate  thus  obtained  is 
calcined,  and  ho  converted  into  oxide,  which  is  mixed  with 
one-tenth  its  weight  of  powdered  charcoal  and  heated  in  a  clay 
retort.     The  cadmium  distils. 

Properties. — l^lre  cadmium  has  a  white  lustre,  but  soon 
tarnishes  in  the  air.  Its  density  is  8.60-8.69.  It  melts  at 
320^  (Person),  and  boils  at  860°  (^H.  Deville  and  Troost).  It 
may  be  obtained  crystallized  in  octahedra. 

It  dissolves  in  dihitc  sulphuric  and  hydrochloric  acids  with 
evolution  of  hydrogen. 

Cadmium  Oxide,  CdO. — The  oxide  of  cadmium  may  be  ob- 
tained by  calcining  either  the  carbonate  or  nitrate.  It  has  a 
yellowish-brown  color,  or  a  brown  more  or  less  deep.  It  is  re- 
duced at  high  temperatures  by  carbon  and  by  hydrogen,  its 
redaction  taking  place  more  readily  than  that  of  zinc  oxide. 

Cadmium  Sulphide,  CdS. — This  sulphide  occurs  in  nature 
in  the  form  of  bright  yellow,  hexagonid  prisms,  terminated  by 
six-sided  pyramids. 

It  may  be  prej)are<l  in  the  laboratory  by  precipitating  a  solu- 
tion of  a  cadmium  salt  by  hydrogen  sulphide  or  a  soluble  sul- 
phide. An  amorphous  precipitate  of  a  fine  yellow  color  is  thus 
obtained.     In  this  form  it  is  employed  in  oil  painting. 

Cadmium  Iodide,  CdP. — This  sidt  is  prepared  by  digesting 
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^ly-diTided  cadmium  with  iodine  in  presence  of  water.  It 
crjgtallizejj  from  ito  aqueous  solution  in  transparent  and  color- 
less, hexagonal  prisms  having  a  brilliant  lustre.  It  is  soluble 
b  water  and  alcohol. 

Cadmium  Sulphate,  CdSO*  +  4H'0. — Cadmium  sulphate 
18  obtained  by  dLsejolving  the  metal,  or  its  oxide  or  carbonate,  in 
dilute  sulphuric  acid.  The  neutral  and  concentrated  solution 
deposits  the  salt  in  beauti^,  right  rectangular  prisms.  These 
crystals  are  efflorescent. 


LEAD. 

Pb  (Plumbum)  =  207 

Lead  is  related  to  the  diatomic  metals  by  a  series  of  normal 
ailta,  the  chloride  PbCl*,  sulphide  PbS,  oxide  PbO,  etc.,  but 
it  18  undoubtedly  tetratomic  in  other  compounds,  among  which 
are  a  tetrachloride  PbCl^  and  a  dioxide  PbO*.  It  is  probable, 
bowever,  that  lead  b  tetratomic  in  all  of  its  compounds,  in 
which  case  the  dichloride  most  be  represented  by  the  formula 

g>pb.Pb<gj 

the  oxide  by  the  formula  OPb  PbO,  and  the  other  compounds 
in  an  analogous  manner.  It  is  convenient,  in  the  absence  of 
niore  positive  data,  to  represent  these  molecules  by  the  more 
■imple  formulae,  bearing  in  mind  that  they  probably  express 
only  half  the  molecular  weights. 

Treatment  of  Lead  Ores. — The  minerals  of  lead  which  are 
^rked  are  the  carbonate,  and  especially  the  sulphide,  known  a.s 
Saiena. 

The  extraction  of  the  metal  from  the  carbonatt*  is  simple : 
*t  is  heated  with  charcoal  in  a  cupola-furnace,  and  the  reduced 
1«m1  collects  on  the  hearth. 

Two  methods  are  employed  for  the  rcMluction  of  ^^alena. 
One  consists  in  melting  the  ore  with  iron  ( pannlated  cast  iron). 
Sulphide  of  iron  is  formed,  and  both  it  and  the  reduced  lead 
^nter  into  fusion  and  separate  from  each  other  by  virtue  of 
their  different  densities,  the  lead  beinir  much  the  heavier 
This  is  the  reduction  method.  It  is  employed  for  impure  ores 
having  a  silicious  gangue. 

By  the  other  process,  known  as  the  reaction  methodj  the 
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galena  is  Srat  roasted,  b;  which  the  sulphide  is  partiatl]i  Bnfr 
formed  into  oxide  and  sulphatt: ;  the  opeiuags  df  the  flinm 
are  now  closed  and  the  tempemture  is  elevated.  The  ««■ 
of  sulphide  then  reacts  upon  the  oxide  and  upon  tbesnlphM; 
sulphurous  acid  gua  in  disengaged,  and  metallic  lead  is  fbnul 
This  is  called  work-lead. 

PbS  +  2PbO  =  3Pb  +  SO" 
PbS  +  PhSO'  ^  i'Pb  +  2S0' 

The  operation  ia  conduuted  in  a  reverberatory  fiirnMen^n- 
'  '     —  ;.  108.     The  ore  is  spread  in  thin  layers  on  the 


hearth  E,  and  heated  to  dull  redness ;  the  fire  is  at  A,  and  A* 
air  enters  by  the  openings  D.  These  are  closed  when  it '» 
judged  by  the  aspect  of  the  mass  that  the  roasting  is  sufi- 
ciently  advanced.     The  heat  ia  then  increased. 

Independently  of  the  portion  of  lead  sulphide  whiuh  RhU 
upon  the  oxide  and  sulphate,  there  is  always  an  excess,  whici 
melts  when  the  heat  b  incressed,  and  separates  in  the  form  i)f 
lead  matt.  This  is  snt^ected  to  another  operation  by  thcuv 
process  of  reaetion,  and  furnishes  a  harder  lead  than  that  &» 
obtained ;  it  coat*ina  a  small  quantity  of  copper,  and  h  knoi™ 
RS  tloff  lend. 

In  some  works,  charcoal-powder  is  added  at  a  certain  ft*^ 
of  the  roasting,  to  remove  the  oxygen  from  the  oiidemll'^  | 
pbate  formed.  --v^^^^^^^^J 


tt  (tf  Azgsnti&roaa  Lead. — The  lead  produced  bj 
diese  DiL'lhodf.  and  especially  the  work-lead,  oitea  conUiiu  i 
anal]  pfvporlion  of  silver.  In  order  to  separate  the  latt«r 
metal,  the  \eitd  is  submilted  directJy  to  cupellation,  ur  is  first 
refined  by  way  gf  crystalliEalion  before  the  cupellation. 

The  ut)je<!t  of  refining  by  crystaUaatimi  is  the  formatioD  of 
Ml  alloy  of  lead  and  silver,  richer  iu  silver  than  the  work-lead. 
The  argentiferons  Itad  In  melted  and  allowed  to  imjoI  slowly; 
nearly  pure  lead  eeparuU-e  in  the  form  of  L-rystals,  which  are 
ileposilcd  Bt  the  bottom  of  the  molten  luctal.  These  are  re- 
amed by  a  ladle  as  fast  as  they  are  formed;  the  richer  alloy 


Flo.  100. 
of  lead  and  stiver  remains  ii'jiiid.  The  crystals  of  lead  still 
(iOlitun  a  little  silver,  and  are  submitted  to  annther  fusioD ;  lead 
agun  cryptalliises  out  on  cooling;,  and  a  small  quantity  of  an 
"fioy  still  rich  in  silver  is  oUained,  The  same  operation  re- 
PMkd  a  third  time  determines  the  separation  of  pure  lead- 
nthe  alloys  of  lead  and  silver  thus  obtained  are  themselves  sub- 

'"  d  to  several  succeseivu  fusions  and  crystal liaitions,  and  a 

ffl  richer  alloy  results.  _ 
■  Tlie  alloy  thus  eoncenlrated  is  cupelled.    The  operation  con- 
^  in  melting  the  lead  in  a  reverberatory  furnace  ;_Fig.  109), 
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of  vbich  the  hearth  traa  a.  hemispherical  form,  and 
the  t-Tipel.  The  vftult  of  the  fiirnaoe  ia  formed  by  a  * 
cover.  G,  which  can  be  raised  and  lowered  at  will.  WbCBt 
lead  is  melted,  a  strong  blast  of  air  is  blown  upon  its  nrf 
through  the  tuyeres  It;  the  lead  is  thus  converted  into  oiUs, 
which  laelte  and,  driven  by  the  current  of  air,  flows  from  the 
cupel  through  a  noUih  cat  in  its  edge  down  to  the  level  of  llu 
molten  metal,  and  whieh  i^  gradually  deepened  as  that  level 
becomes  lowered.  The  silver,  which  is  not  oxidixable,  beeonm 
coneentrated  in  the  cupel  as  the  lead  is  eliminated ;  and  wba 
the  last  portions  of  the  latter  metal  become  oxidised,  the  tat- 
face  of  the  silver  is  covered  with  only  a  ihin  layer  of  fuei 
litharge,  which  breaks  up  suddenly  and  displays  the  brilliul 
surface  of  the  metal.  This  phenomenon,  called  brifflUaaiig, 
indicates  the  termination  of  the  operation. 

The  oxide  of  lead  formed  first  in  the  onpellation  of  woit 
lead  is  called  abslrich.  It  is  black,  and  still  ctintains  a  little 
silver,  as  well  as  copper  and  antimoDy  (Berthier).  The  (O)^ 
which  flows  out  after  the  ahatrich  is  Ulharge. 

Fropertiei  of  Lead. — Lead  is  a  bluish-white  metal,  hiring 
a  certaiu  degree  of  lustre  when  its  surface  is  freslily  cut  It 
ia  the  softetit  and  least  tenacious  of  all  the  common  neUk  It 
can  easily  be  cut  with  a  kniie  and  scratched  by  the  fingernail 
It  may  readily  be  reduced  lo  thin  sheels,  but  ia  not  easily  dnw 
into  wire.  Its  density  is  11.363  (H.  Deville).  It  melts  Iw- 
Iween  'i'16  and  334°,  and  volatilizes  at  a,  white  heat.  I>  at] 
sometimes  be  obtained  crystalllEed  in  regular  octohedn  by 
allowing  a.  large  quantity  of  molten  lead  to  cool  slowly,  iwi 
decanting  the  still  li<|uid  portion. 

The  brilliant  surface  of  lead  tarnishes  in  the  wr.  Wli« 
melted,  it  rapidly  absorbs  oxygen  and  becomes  covered  with* 
pellicle  of  oxide,  which  is  transrormed  by  ihe  prolonged  wtiOB 
of  heat  into  a  yellow  [mwder,  known  as  mamn'cot. 

On  contact  with  aerated  water,  lead  alisorbs  oxygen  uid  91- 
bon  dioxide,  and  heconies  cohered  with  a  (bin  layer  of  Miboi- 
ate.  This  tiu't  explains  the  presence  of  traces  of  lead  in  nU^ 
Water  which  has  been  collected  from  lead  gutters,  or  kept  in 
leaden  reservoirs. 

The  prceence  of  small  ijuantities  of  sulphates  and  chlorii* 
in  water  prevents  this  osidiilion  of  lead,  so  that  the 
be  used  without  danger  for  the  distribution  of  most  i 
river  waters. 
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Lead  is  npkUy  dissolTed  by  oonoentnted  and  boiling  hydro 
cUoric  acid.  Dilute  sulphuric  acid  does  not  attack  it;  the 
boiling  concentrated  acid  converts  it  into  sulphate  with  evolu- 
tion of  sulphurous  acid  gas.  Nitric  acid  attacks  and  dissolves 
it  at  ordinary  temperatures,  disengaging  red  vapors  and  forming 
ietd  nitrate. 

Lead  and  its  compounds  are  poisonous.  Its  effects  on  the 
eeonomy  are  especially  manifested  after  the  long-continued 
abM>rption  of  very  small  quantities  of  the  metal,  of  which  the 
aocnmnlation  in  the  system  is  made  evident  by  various  Hymp- 
toms;  the  best  known  is  lead  colic  or  painter  8  colic.  Plumbers, 
^aiiers  of  pottery,  painters,  color-grinders,  and  the  workmen 
employed  in  the  manufacture  of  minium,  or  red  lead,  white 
lead,  etc.,  are  exposed  to  this  chronic  poisoning.  The  soluble 
sulphates  are  antidotes  for  acute  cases  of  poisoning,  and  potas- 
aom  iodide  causes  the  elimination  of  lead  from  the  system  in 
ehronic  cases. 

Uses  of  Lead. — This  metal  is  used  for  the  manufacture  of 
shot,  and  pipes  for  the  distribution  of  water  and  gas.  When 
reduced  to  sheets  it  is  made  into  gutters,  the  coverings  of  roofs, 
linings  for  troughs  and  reservoirs.  Sheet-iron  dipped  into  a 
bath  of  melted  lead  retains  a  coating  of  that  metal,  and  is  called 
leaded  iron.  Lead  enters  into  the  composition  of  type-metal^ 
plamber  8  solder,  pewter,  etc. 

LEAD  MONOXIDE. 

PbO 

Masiticot  and  litharge,  of  which  the  formation  has  been  in- 
dicated, constitute  the  monoxide  of  lead. 

Massicot  is  a  yellow,  amor])houM  ])()wdor.  Litharge  occurs  in 
wddi«h-yellow,  crystalline  scales.  It  is  rendered  crystalline  by 
tbe  fiision  and  cooling  through  which  it  passes.  It  is  sometimes 
B»etwith  in  the  form  of  rhombic  oetahedra  (Mitscherlich). 

Oxide  of  lead  melts  at  a  red  heat ;  when  fused  it  absorbs 
oiygen,  which  it  again  gives  up  on  s()lidirvin«r  { F.  Le  Blane). 

It  cannot  be  melted  in  an  earthen  crucible  without  attacking 
and  sometimes  piercing  the  latter,  ow'uv^  to  the  formation  of  a 
▼ery  fusible  silicate  of  lead. 

head  monoxide  is  easily  reduced  by  hydrogen,  charcoal,  and 
^*ri>on  monoxide. 

It  is  very  slightly  soluble  in  water,  and  possesses  a  sufficiently 
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marked  alkaline  reacdon  to  restore  the  blue  color  to  feebly 
reddened  litmus-paper. 

When  potassium  hydrate  or  ammonia  is  added  to  a  solutioD 
of  a  salt  of  lead,  a  white  precipitate,  which  is  a  hydrate  of  lead, 
is  formed.  This  hydrate  diiraolves  in  an  excess  of  potassiiun 
hydrate ;  it  is  also  soluble  in  lime-water,  and  these  solutions 
are  precipitated  black  by  hydrogen  sulphide. 

Litharge  is  used  for  the  manufacture  of  lead  acetate  and 
white  lead.  It  gives  to  linseed  oil  diying  properties.  It  enters 
into  the  composition  of  various  plasters,  and  diflferent  coloring 
matters  (Cassel's  yellow). 

LEAD  DIOXIDE. 
PbO« 

This  body  Ls  made  by  treating  minium,  or  intermediate  oxide 
of  lead,  with  dilute  nitric  acid.  A  brown  powder  remains  and 
must  be  wa.'^hed  with  boiling  water.  This  is  dioxide  of  lead; 
it  is  insoluble  in  water ;  it  is  readily  decomposed  by  heat,  losing 
half  of  its  oxygen  and  being  converted  into  monoxide.  It  is 
an  energetic  oxidizing  agent.  When  it  is  briskly  triturated 
with  a  small  cjiiantity  of  sulphur,  the  latter  is  inflamed. 

If  lead  dioxide  be  introduced  into  a  test-tube  filled  with  sul- 
phurous acid  gas,  the  latter  is  immediately  absorbed  with  for- 
mation of  lead  sulphate. 

SO'  +  PbO'  =  PbSO* 

Hydrochloric  acid  poured  upon  lead  dioxide  determines  the 
formation  of  lead  chloride  and  the  disengagement  of  chlorine. 

PbO'  +  4HC1  -=  PbCP  +  CT  +  2H*0 

Lead  dioxide  unites  with  the  alkalies  forming  veritable  sal^ 
Freniy  has  described  a  plunibate  of  potassium,   K'PbO*  -+' 
3H''0.  which  crystallizes  in  cubes,  and  which  is  formed  wb^^ 
dioxide  of  lead  is  gently  heated  with  a  very  concentrated  sol'*' 
tion  of  potassium  hydrate  in  a  silver  crucible. 

PLUMBOSO-PLUMBIC  OXIDE   (RED  LEAD) 

This  oxide  is  prepared  by  heating  massicot  in  fumaoes  to  * 
temperature  that  should  not  exceed  300°.  Under  these  ooO' 
ditions,  the  monoxide  absorbs  oxygen  from  the  air,  and  is  oo0' 
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nrted  into  a  beuitiAiI  red  powder  known  as  mmium  or  red  lead. 
The  product  obtained  by  heating  lead  carbonate  or  white  lead 
in  contact  with  the  air  is  called  orange  minium. 

Minium  is  a  combination  of  monoxide  and  dioxide  of  lead ; 
id  eompodtion  is  variable,  according  to  the  length  of  time  it 
k  rotsted.     It  ordinarily  corresponds  to  the  formula 

PbH)*  =  2PbO.PbO«     (Jaccjuelain) 

Sometimes  'it  contains  less  oxygen,  having  the  composition 

Pb*0»  =  3PbO.PbO«    (Mulder) 

Red  crystals  of  the  latter  composition  have  been  found  in 
the  fissuren  of  a  minium  furnace. 

Minium  has  a  scarlet-red  color,  which  becomes  much  darker 
on  heating.  It  gives  up  oxygen  at  a  red  heat,  being  reduced 
to  monoxide.  If  red  lead  be  sprinkled  with  nitric  acid,  the 
eobr  disappears,  giving  place  to  a  brown.  The  nitric  acid 
removes  the  monoxide,  forming  nitrate,  and  leaves  the  brown 
dioxide. 

Minium  is  used  to  color  sealing-wax  and  wall-papers.  It  iu 
onplojed  in  the  manufacture  of  flint  gla^s,  which  owch  its  f uni- 
Wlity,  its  perfect  transparency  and  it«  refractive  power,  to  sili- 
ote  of  lead.  When  mixed  with  stannic  oxide,  minium  ^ervets 
» an  enamel  for  crockery-ware. 

A  mixture  of  red  lead  and  white  lead  with  a  small  quantity 
of  oil  is  employed  as  a  luting  for  steam-pipen,  und  as  a  cement. 

LEAD  SULPHIDE. 

PbS 

Galena  or  sulphide  of  lead  occurs  in  nature  in  beautiful 
cnhical  crystals  of  a  bluish-gray  color  and  a  metallic  lustre ;  its 
dfnsity  is  7.58.  It  melts  at  a  red  heat.  When  heated  in  con- 
^•ctwith  air,  it  is  converted  into  oxide  and  sulphate,  and  by  the 
"taction  of  an  excess  of  sulphide  upon  those  compounds  me- 
tallic lead  is  produced.  Hot  fuming  nitric  acid  converts  lead 
*nlphide  into  sulphate.  Concentrated  and  boiling  hydrochloric 
•rid  transforms  it  into  chloride  with  evolution  of  hydrogen 
sulphide. 

Galena  is  used  for  glazing  common  pottery.  A  broth  of 
[Kmdered  galena  and  cow's  dung  mixed  with  water  is  applied 
to  the  surface  of  the  previously  well-dried  vessels. 
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This  0oit  of  pottery  ib  gopflnllj  bakod  at  a  tflmpeninBMt 
very  high,  so  that  the  sulphide  of  lead,  the  ozidatioii  of  iludi 
is  prevented  by  the  oow'b  dung,  meltB  and  Bpreada  over  tlienn- 
fiuie,  forming  a  varnish  of  a  £rk  color  when  oold.  Neftttbe- 
lees,  a  small  quantity  of  oxide  is  always  formed  by  the  oskktioi 
of  the  galena:  when  the  baking  takes  place  al  a  higher  tei^ 
ature,  this  oxide  forms  a  fusible  silicate,  which  coven  the 
pottery.  This  glasing  often  has  a  green  color,  due  to  the 
presence  of  oxide  of  copper,  and  is  attacked  bv  vineg^  tad 
other  acids,  which  dissolve  the  oxides  of  lead  and  copper. 
Hence  the  danger  in  the  use  of  ware  so  ^aied  for  C11H1U17 
purposes. 

LBAD  OHLORIDEL 
PbCl« 

This  body  may  be  obtained  as  a  white,  crataUine  powderlj 
heating  litharge  with  hydrochloric  acid.  It  is  deposited  ai  ft 
dense,  white  precipitate  when  hydrochloric  acid  is  added  to  ft 
concentrated  solation  of  acetate  or  nitrate  of  lead.  It  is  not 
very  soluble  in  water;  135  parts  of  water  at  12.5^,  or  33piiti 
of  boiling  water  being  required  to  dissolve  one  part  of  lenl 
chloride.  It  may  be  obtained  crystallised  in  long  needleB  bj 
allowing  its  saturated  boiling  solution  to  cool.  Lead  chloridb 
melts  below  a  red  heat,  and  on  cooling  solidifies  to  a  semi-trftW- 
parent  mass,  known  by  the  ancient  chemists  as  horn-lead. 

Mineral  yelhw^  Turners  yellow,  and  OotsseTs  yeUoWj  eo* 
ployed  in  painting,  are  oxychlorides  of  lead,  combinadoiis  of 
lead  oxide  and  chloride  in  variable  proportions. 

LEAD  lODIDK 
Pbl« 

When  a  solution  of  potassium  iodide  is  added  to  a  sototke 
of  lead  acetate,  a  beautiful  yellow  precipitate  of  lead  iodide  i0 
formed. 

This  body  melts  to  a  red-brown  liquid  at  a  high  temperfttni^ 
It  requires  for  solution  1235  parts  of  cold,  or  194  paiti  of 
boiling  water.  On  the  cooling  of  its  saturated,  boiling  sdate 
it  is  deposited  in  golden-yellow,  hexagonal  scales  having  a  aif 
nificent  lustre. 
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LEAD  NITKATE. 

Pb(NO»)» 

Hub  body  is  prepared  by  dissolying  litharge  in  dilate  nitric 
add.  It  crystallizes  from  its  hot,  saturated  solution  in  anhy- 
drous, white,  r^ular  octahedra.  These  crystals  decrepitate 
when  they  are  heated;  they  dissolve  in  7i  times  their  weight 
of  cold  water,  and  in  a  much  less  quantity  of  boiling  water. 

At  a  red  heat  this  salt  is  decomposed  into  nitrc^n  peroxide, 
oxygen,  and  lead  monoxide.  It  forms  various  basic  compounds 
with  lead  monoxide. 

When  one  molecule  of  the  nitrate  is  boiled  with  one  molecule 
of  the  monoxide,  and  the  filtered  solution  is  allowed  to  cool, 
a  crptalline  deposit  is  obtained,  which  is  a  dibasic  nitrate, 
Pb(NO»/  +  PbO  +  H»0  (Pelouze).  This  salt  can  be  consid- 
ered  as  derived  from  orthonitric  acid,  H'NO*  =  HNO*  -f- 
HK).    Indeed 

Pb(NO»/  +  PbO  +  H*0  =  2g^  I  NO* 

This  basic  nitrate  of  lead  corresponds  to  the  basic  nitrate  of 
bismuth  (page  351). 

Bi'"NO*  ^^'1  NO* 

Blamatb  tubnitnita.  Lead  subnftrate. 

When  a  solution  of  nitrate  of  lead  Is  boiled  with  thin  sheet- 
wad,  the  latter  is  dissolved,  and  the  liquid  assumes  a  yellow 
wlor.  Under  these  conditions  soluble  basic  nitrites  of  lead  are 
fonned.  On  cooling  the  filtered  liquid  deposits  yellow  crystals 
Wmg  a  variable  composition.  By  a  prolonjrod  boiling  a  tetra- 
Wc  nitrite,  Pb(NO»)»  +  3PbO  +  H^O,  is  obtained.  The  so- 
•ution  of  the  latter,  decomposed  by  carbon  dioxide,  gives  the 
neutral  nitrite  Pb(NO»)»  +  H^O,  crystallizing  in  long,  yellow 
prisms  (Peligot)  or  in  yellow  plates  (Chevreul). 

LEAD  SULPHATE. 

PbS(>* 

This  salt  is  found  crystallized  in  nature.  It  can  be  prepared 
•y  double  decomposition  by  precipitating  the  solution  of  any 
hobble  lead  salt,  such  as  the  nitrate  or  acetate,  with  sulphuric 
fod  or  solation  of  a  sulphate.  It  is  a  white  powder,  insoluble 
^wttcr. 
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At  a  bi^h  temporatore,  lead  sulpbate  melta  without  dmn- 
pOBttion.  Charcoal  reduces  it,  transforming  it  into  sulphidti 
metal,  or  oxide,  according  to  the  proportions  eaiJojei 
Quickly  bcat«d  with  an  exv&A  of  charcoal,  it  yields  solphioe. 
PbS0'  +  C  =  2C0'+PbS 
By  difflinbhing  the  pruportion  of  charcoal,  a  residue  of 
metal,  or  even  of  oxide,  may  be  obtained. 

PbSO*  +  C  =  CO'  +  SO'  +  Pb 
2PbS0'  +  C  =  CO*  +  2S0'  +  2PbO 
Iron  and  zinc,  in  contact  with  lead  sulphate  suspended  ui 
water,  cause  thu  separation  of  metallic  lead. 


LEAD   CARBONATE. 
PbCO» 

Crystallised  lead  earbomite  is  found  in  natore.  The  nil 
may  be  obtained  artificiully,  as  an  ainorphouB  white  powder.  t^J 
precipitating  a  soluble  lead  salt  by  an  excess  of  an  albliiw 
carbonate. 

A  hytlroted,  and  sometimes  basic,  carbonate  of  lead  is  kaon 
as  ceriiK  or  white  lead.     Its  eompuEition  varies. 

FbCO'  +  H-0  and  ^iPbCO"  -|-  Pb(OH)' 

Tliese  are  much  used  in  oil  paintin;^.     White  lead  is  |ik- 

pared  by  several  methods,  the  oldest  of  which  b  called  ihc 

Dutch  process.     It  eonsists  in  exposing  sheets  of  lead  to  w 

atmosphere  charged  with  acetie  Kid 

vapor  and  rich  in  carbonic  addgu- 

The   leaden  sheets  are   introduMd 

into  glazed  earthen  pots,  A  (^ 

110), containing  asmoll  quantitTOf 

vinegar.     The  lead  rests  npODsW 

projeeling  arms,  B,  below  whidi  !• 

placed    the    crude    vinegar.     Tbe 

[mts  are  covered  by  a  disk  of  Iwr 

D,  wliicli  incompletely  closes  then- 

They  arc  then  arranged  in  ro«  in 

large  chftmbers;  a  row  of  pots 

r  horse-manure ;  these  are  cdt- 

ered  with  planks,  upon  which  more  spent  tan  or  horae-mtniBV 

s  placed,  and  then  another  layer  oi'  pots,  and  so  on.     The  ftf' 


placed  o 


a  bed  ui'  spent  t 
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mentidoii  of  the  tan  or  manure  raises  the  temperature  to  30 
or  40^,  and  produces  carbonic  acid  gas.  On  the  other  hand, 
the  oxygen  of  the  air  intervenes,  causing  the  lead  to  be 
attacked  by  the  acetic  acid,  so  that  basic  acetate  of  lead  is 
fbnned  upon  the  surface  of  the  metal ;  but  this  salt  is  con- 
tinnallj  decomposed  by  the  carbonic  acid  gas,  so  that  the  lead 
gradudly  becomes  covered  with  a  layer  of  carbonate. 

Thenard  suggested  another  process  by  which  litharge  is  dis- 
floked  in  a  solution  of  lead  acetate,  and  a  current  of  carbon 
dioxide  passed  through  the  solution  of  subacctate  so  formed. 
Lead  carbonate  is  precipitated  and  neutral  acetate  regenerated ; 
the  latter  is  then  again  transformed  into  basic  acetate.  The 
piodact  so  obtained  is  known  as  Clichy  white  lead. 

LEAD  CHROMATE. 
PbCrO* 

This  salt  exists  crystallized  in  nature,  constituting  the  red 
lead  of  Siberia.  It  is  prepared  by  double  decomposition 
between  solutions  of  potassium  chromate  and  lead  acetate ;  a 
jellow  precipitate  is  thus  obtained,  and  is  employed  in  painting 
under  the  name  chrome  yellow. 

Lead  chromate  melts  at  a  red  heat ;  at  a  white  heat  it  loses 
4  per  cent,  of  oxygen.  It  is  easily  reduced  by  charcoal  and 
hydrogen.  Insoluble  in  water,  it  dissolves  readily  in  solutions 
of  potassium  hydrate. 

Characters  of  Lead  Salts. — The  soluble  lead  salts  have  a 
sweetish  taste.  Black  precipitates  are  formed  in  their  solutions 
by  both  hydrogen  sulphide  and  ammonium  sulphide. 

Potassa  and  soda  yield  white  precipitates,  soluble  in  a  large 
excess  of  the  reagent.  Ammonia  gives  a  white  precipitate, 
insoluble  in  excess. 

Sulphuric  acid  forms  a  white  precipitate  even  in  the  most 
dOnte  solutions  of  lead.  Hydrochloric  acid  forms  a  white 
precipitate  of  lead  chloride,  but  this  precipitate  is  not  produced 
in  dilute  solutions. 

Potassium  chromate  throws  down  a  yellow  precipitate,  soluble 
in  potassium  hydrate. 

When  heated  with  sodium  carbonat4>  upon  a  i)iece  of  charcoal 
in  the  reducing  flame  of  the  blow-pipe,  the  lead  salts  yield  a 
metallic  globule  which  when  cold  can  readily  be  flattened  out 
by  hammering. 
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Cu(Cuprum)  =  68.6 

Katoral  State. — Copper  is  found  in  the  native  state,  loaf- 
times  crjstiiUiBed  in  ivgular  oetahedra,  sometimes  in  misM- 
It  is  also  found  ua  vuprous  oxide,  Cu'O,  cupric  oxide.  CnO,  tai 
cnprie  CHrbonate,  CuCCP ;  but  ila  moat  abundant  minereb  m 
cuprous  sulphide,  Oil's  (Chalkosine),  and  a  double  aulpbiil* 
of  onpper  and  iron,  Cn'S.Fe'S',  deagnated  as  copper  pfriM. 
Dnder  tbe  name  ^'ny  copper  are  also  worked  variona  mineBk 
containing  cuprous  sulpliide  comliined  with  the  Hulphides  (if 
antinion^  and  arsenic,  and  in  which  the  copper  is  sooieliiKB 
replaced  bj  iron,  zinc,  silver,  and  mercury. 

Treatment  of  Copper  Orea. — Copper  b  easily  eitracttd 
from  cuprous  oxide  iind  eupric  carbonate.  These  ona  lie 
melted  with  chiircoul  iu  Euitable  Furnaoes,  and  the  metal  is  it 
once  obtained.  Copjier  pyrites,  which  is  often  mixed  with 
cuprous  sulphide,  requires  a  more  complicated  treatment.  Tb« 
iron  and  sulphur  must  be  eliminated,  and  for  this  reason  tb« 
ore  is  subjected  to  an  incomplete  roasting.  This  operation  is 
conducted  in  a  reverberatory  furnace  (Fig.  111).     Tbe  fliw 


of  the  fire  swcepa  the  arched  vault  of  the  fumaoe  W.  ^ 
opening  of  the  chimney  is  at  C,  and  the  ore  is  fed  in  fromi 
troughs  placed  above  the  furnace. 
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hit  TOistiiig  drives  oat  part  of  tie  sulphirr,  and  (lie 
lof  iron  nnd  copper  arv  parttully  coDVcrti^d  into  oxideK 
IwteB.  An  excess  of  Hiiljihide  remainH,  and  the  im- 
muled  ore  is  fused  ID  prisenre  of  ailicioiu  iuat«rial)(. 
im  funned  in  roaetiog  the  mtUt  {tee  faithfr  on)  are 
^added,  and  sometimes  fluor  spar,  to  render  the  sla^ 
|Ue.  This  operation  is  conducted  either  in  enpnla-far- 
j>  reverberstory  furnaces  of  peculiar  cooBtnii^liun.    In 

ethe  unfUtaeked  uulphide  of  iron,  the  enpntr  <ixidv 
ug  th«  ruaifting:  is  converted  into  onpric  sulphide,  and 
llaKiD  in  formed.  Thu  latter  unites  with  the  Hilica,  um 
itte  fixide  produced  b;  ibc nuuting,  Irath  lieiiig redut-ed 
■  oxide  bj'  the  rcdnoin^  pisea  of  the  fire.  Ferrous  Hili' 
lU  funued.  and  constitutes  ■  very  fusible  slag,  below 
amuulates  the  sulphide  of  copper  containing  niui-h  lew 
Ivf  iron  than  the  original  p}'riteH.    This  product  is  llie 

lAphur,  which  was  thus  far  neeessun,-  Ii>  expel  the  iron, 
)r  oe  removed,  and  the  malt  is  brf>ken  up  and  repeat- 
Ifld,  bj  whicti  the  remainder  of  the  iron  is  oxidized  and 
I  of  the  sulphur  eijwlled.  The  mineral  is  now  again 
idi  siliciouH  materials  and  the  scoria  produced  in  rfr 
ick  copper,  and  rich  in  cnpric  oxide,  are  added.  Fcttoun 
grates  an  a  stag,  and  u  metallic  mui<H  contuining  frtitii 
I  iMT  cent,  of  oojtper,  still  alloyed  with  iron,  leaii, 
sulphtir,  ele.,  is  obtained.     This  product  constitutes 

ng  ofRtack  Coppfr. — The  imjiurc  metal  is  melted  in 
n-jtorj  tiimace  ;  the  oxygen  of  the  iiir  transforms  the 
nto  oxide,  and  the  latter  is  grudniilly  reduced  hy  the 
□etola  and  the  sulphur  stjll  contained  in  the  xatm  of 
thase  oxides  separate  in  the  form  of  Acoriie  and  slagx, 
re  removed.  The  liijuid  copper  collects  in  a  cyhn- 
rvity  in  the  liimace,  where  it  is  solidified  hy  throwing 
:r  opon  the  surface  of  the  molten  metal ;  it  is  then 

the   fonn   of  disks,  and  is  palled  rimtl*:  copper. 

;hus  obtained  is  brittle,  owin^  that  property  to  the 
lide  with  which  it  m  still  impregnated.  It  is  finally 
Dder  9.  layer  of  charcoal,  and  stirred  with  poles  of  green 

luotile  copper  u  thus  obtainc<(. 

aosfeld,  in  Prussia,  a  copper  pyrites  is  worked  which 


J 
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tn  tittle  cfjBtals  in  on  arg^illuvous  schiat  imjirt^' 
tiatn)  wttli  bitnmeii.  Alter  b  Mfies  of  nta^tings  anil  ^mcldn^ 
*  \t]»A  copfier  b  obtained,  tit-h  Muntgli  in  ntver  to  {lertnitol 
t^  admitagiNMie  exttsctiotk  of  th»t  metal.  For  tliis  puipiM 
llw  mctbod  aBed  liaualiait  ia  emp\oynd.  The  trgmHiatm 
copper  b  BuIm)  wiiL  lead,  »nd  the  li((uid  Moj  is  sUofwl  U 
umI  dlowly.  Copper  autidiSee  first,  iJloyed  with  a  mull  qou- 
lily  or  Ii4>l,  while  tli«  remainder  of  the  lead.  Ktaiuin^  omiiy 
tdl  uf  Uur  siltL-r,  reiuaiiw  ti(|uid.  By  auulher  proM>aj  the  xlinj 
uritMd and  u^nlituruus ct>p|>«r  ie niaiie  tiitu  dinim.  V ( Fi;t.  1 12 ), 
tmd  these  are  nthealt-d  verj  jjxwlr. 
As  BOOH  «B  ihu  lempenitnre  is  sif- 
ficiciitly  hi^h,  iht^  lend  lurlu  tai 
nin^  <iut,  ciuryin;;  with  it  nil  uf  ll>c 
silver.  Tlii,-  eopjier  rvnuuno  »!■ 
lojvd  with  n  ainaU  qiutntity  uf  InJ- 
It  U  rcfioiMl  l>y  mdting  it  in  a  i-u- 
pola-fnnta<.-o  under  the  IJast  of  » 
tuyere.  The  load  and  IrtHi  toi 
part  of  tlie  copper  an  oi)di*ML 
[  as  soorite.  Pur«>  copper  renuum 
vertod  ioio  rottl/r.  The  itr);eniifeToiia  iMdianl>- 
mitled  to  cupellalion,  as  already  described. 

Cement  copper  is  copper  precipitated  from  »  aolDtiwK^ 
eupriv  sulphate  by  nietalUu  iron.     It  is  very  pore. 

Fropertiea  of  Copper. — This  uieul  has  h  cliaracteriBik  ni 
eolur  that  in  uhivorNillj  kuuwu.  When  nil)bed  with  ihe  hwl 
it  eihules  II  pociiiiiir,  disagreeable  odor.  By  fuHun  it  ajs* 
lixes  in  enlws,  but  it  may  be  deiwdted  by  cli-ctmlyaii  b  iw 
ultir  ocUhedra.  tt  melb»  towards  1 100°,  and  may  be  ToladiiKd 
by  the  heat  of  the  oxy-hydivgen  blow-pipe. 

Its  densi^  varies  from  H.iia  to  8.95.  It  is  very  luallul^'' 
ductile,  and  lenaeious. 

In  drj'  nir  it  is  unnlt«red  at  ordinary  temperaturto,  Iwl  i* 
absorbs  uxygen  in  presence  of  moi)itnro  suid  carbonic  arid  p^ 
Green  spots  arc  then  tbrmod  npon  tlie  surface  of  iho  m«t«l, 
oonstituling  a  hydrocarbonate  of  copjter ;  \h\a  is  the  prvduct 
ordinarily  called  verdigris. 

At  a  high  l«mperalurs  copper  absorbs  ozy^u  witii  atiditri 
being  converted  into  black,  cupric  oxide  if  the  uiygen  1»  l" 
excess ;  but  in  the  contrary  case,  red,  cuprous  oxide  ifl  fluwi- 
The  oxidation  is  fftToreU  by  divisiuu  uf  the  luotaL 


Fio.  112. 
and  ihe  oxides  a; 
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If  sritUf  j)ulveruK'ni  (•(»{»{•<  r.  prndik^Ml  hv  the  <liMniiip<.>iti..n 
of  copper  acetate,  be  thrown  upon  a  moderately  hot  tile  and  an 
incandescent  coal  be  approached  so  as  to  heat  one  point,  a  black 
spot  instantlj  fonns  there  and  rapidly  extends  throughout  the 
mass,  showing  the  progress  of  the  oxidation. 

In  presence  of  acids  or  ammonia,  copper  rapidly  absorbs 
oxygen  at  ordinary  temperatures. 

If  some  ammonia  and  copper-turnings  be  shaken  up  with  air 
in  a  glass-stoppered  bottle,  the  ammoniacal  liquid  becomes  blue; 
if  now  the  bottle  be  turned  upside-down  and  opened  under 
water,  the  latter  will  rise  in  the  bottle,  replacing  the  oxygen 
which  was  absorbed.  The  blue  liquid  contains  in  solution  am- 
moniacal oxide  of  copper  and  nitrite  of  copper  (Schonbein, 
PeHgot). 

This  liquid  is  capable  of  dissolving  cotton  and  lint,  which 
are  almost  pure  cellulose  (Schweizer). 

!When  heated  with  concentrated  sulphuric  acid,  copper  is 
oonverted  into  sulphate  with  disengagement  of  sulphurous 
add  gas.  Nitric  acid,  even  dilute,  dissolves  it  readily,  forming 
capric  nitrate  and  evolving  nitrogen  dioxide.  Boiling  hydro- 
cmoric  acid  attacks  it  slowly,  disengaging  hydrogen  and  forming 
CQprous  chloride. 

Uses  of  Copper. — Copper  is  much  employed  for  the  con- 
struction of  boilers,  alembics,  stills  and  worms,  and  for  kitchen 
utensils.  Sheet-copper  is  used  for  coating  the  bottoms  of  ships 
and  sometimes  for  roofing  houses.  This  metal  enters  into  the 
composition  of  the  more  important  alloys,  brass  (copper  and 
Bnc),  bronze  (copper  and  tin),  German  silver  (copper,  zinc,  and 
niekel). 

CUPROUS  OXIDE. 
CuH) 

This  oxide  is  found  in  nature,  sometimes  in  vitreous  masses, 
Bometimes  in  beautiful,  red,  regular  octahedra. 

It  IB  ordinarily  prepared  in  the  wet  way  by  boiling  a  solution 
of  aeetate  of  copper  with  glucose ;  a  bright-red,  crystalline  pow- 
der is  precipitated,  which  is  anhydrous  cuprous  oxide.  When 
keated  in  contact  with  air,  it  absorbs  oxygen  and  is  converted 
into  cupric  oxide. 

When  potassium  hydrate  is  added  to  a  solution  of  cuprous 
ehloride,  a  yellow  precipitate  of  cuprous  hydrate  is  thrown 
down.  Cuprous  oxide  is  used  to  communicate  a  red  color  to  glass. 
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CUPRIC  OXIDE. 

CuO 

Two  processeB  ore  used  for  the  preparatioD  of  thui  impiiiUiit 
body :  L-alcioatioD  of  copper  in  the  air  ;  calcinatioD  at  i-upric 
niimtc.  The  hrst  method  furnishes  a.  gronular,  compact,  bkk 
oxide  ;  the  second,  a  fine,  deep-blauk  powder. 

Cupric  oside  is  easily  reduced  by  both  hydrogen  and  c)iit- 
coal,  with  formation  of  either  water  or  carbon  dioiidc. 

With  water  it  forms  a  hydrate,  Cn(OHj'  =  CuO.HK),  whick 
precipitates  as  a  thick,  light-blue  magiua,  when  potasmom  hy- 
drate m  added  to  n  capric  solution.  This  hydrate  b  ooiimNfd 
into  brown,  anhydrous  oxide  by  builiug  with  water.  Qipric 
oxide  is  largely  used  in  the  laboratory  in  the  analysis  of  or- 
ganic Bubatances.  It  is  ui^ed  in  the  arts  to  color  glass,  to  vhii^ 
it  imparts  a  green  color. 

SULPHIDES   OF   COPPER. 

Copper  forms  two  sulphides,  ci>rrespoiidIiig  to  the  oiidgs. 
Cuprous  lulphide,  Cix'8,  occurs  in  niilure  in  fusible,  8t«!-gnj 
crystats,  which  may  be  scratched  with  a  knife. 

Cupric  tulphide  CuS,  is  formed  in  the  wet  way 
BolotioB  of  a  copper  salt  is  predpitated  by  hydrogen  snlphiil. 
When  strongly  calcined,  it  loBes  sulphur  and  is  reduced  H 
cuprous  sulphide. 

If  copper  GHd^ts  or  turnings  be  thrown  into  a  flask  contaiui| 
boiling  Hulphnr,  a  brilliant  incandescence  takes  place  IVoni  ^ 
union  of  the  two  elements. 

CIILORIDES  OF   COPPER. 

Giprova  chloride,  Cu'Cl',  is  prejiiired  by  fa<iiling 

turnings  in  hydrochloric  acid  and  adding  small  quantiti<i<( 

nitric  acid  from  time  to  time.    The  nitro-muriatic  aiid  fomii 


converts  the  copper  into  cupric  chloride,  which  is  reduced  If 
the  excess  of  copper  present.  A  brown  Ui{uid  is  thusobtvM 
which,  by  continued  boiling,  becomes  alinoBt  colorlest. 
adding  water  to  this  liquid,  a  white,  crystalline  predpita.. 
cuprous  (jiloride  is  deposited.  It  is  insoluble  in  water,  bnlA 
solves  in  aqueous  ammonia,  forming  a  liquid  which 
oolotleSB  when  kept  in  closed  vessels  in  presence  of  a 
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of  copper,  but  beoomea  blue  od  rxposiire  to  the  nir,  fnii 
ifc  absorbs  oxygen. 

~    '     I  moDosidu  ia  pertbclly  absorbed  by  a  »uli 
a  chloride  in  hydruchlorio  a<dd  or  in  ammonia. 

;  chlorale,  CuCl',  is  obtained  by  diasolrin^  tupric  oxidf 

rocbloric  lipid  or  in   iu|u«  nsgia.     A  green  solation  i' 

wliiub,  sll«r  lunoentrution,  dL-p<iftic«  lieautitul  rhom' " 

■  of  fi  bluish-green  culur,  uuuluiiiing  '1  moleeulei)  ol'  wal 

lyatalliBttiori. 

CUPBIC  SULPHATE. 
CuSO'  +  5H'0 

Preparation. — This  aitlt  is  comFnoaty  called  hlui-  ritriiil.    It 
In  n  {>roilucl  of  many  industrial  uperatiuns,  such  as  roastii^ 
salpliuriius  cupper  titva,  and  the  decomposition  by  copper  of 
the  eilvvr  Kulph»t4>  resulting;  fhim  the  refining  of  gold, — t' 
is,  Uii3  tmatment  of  silver  coin  (.-ouUinin^  gold  with  eulphi 

Cuprii!  sulphate  produued  by  roasting  ixipper  ore  contaii 
more  ur  Icsa  fernms  eiilphate.    The  two  Hulta  urytttaliise  togetbo^j 
in  obliijitc  rhombic  prLmis,  enuluining  7  molecules  of  water  of 
cxyet«lli£atiiin.     The  mixture  is  called  Salzbui^  vitriol. 

Itwtcod  of  iMpper  pyritt^,  ^tiB«ial  cupric  sulphide  may  bs 
oxidized.  Old  copper  plaits  are  moistened  and  Mpriiikled 
Bowers  of  sulphur;  they  arc  then  heated  in  a  ftimace,  and  the 
Milphide  of  cop)>cr  first  formed  is  converted  into  sulphate  by 
the  osy^'en  of  the  air  drawn  into  the  furnace.  The  still  hot 
plA[««  are  p1un(;ed  into  water,  whieh  dimulvea  the  layer  of  eoprio 
sulphate,  and  the  same  operation  ia  repeated  until  all 
metal  x&  trHnsfoTmed  into  sulphate. 

The  simplitft  protuM  consiaU  in  boiling  copper  tiirninga  and-' 
elippiugs  with  mlphuric  acid:  diilphumus  acid  gas  '     " 


PropertiM.— Cupric  i^Hlplnii 
bdongiiii;!'.  thety|.c.,l'tlH-.r 
have  a  fine  blue  <.-ulor.  nml  I'mit 
o  dry  air  they  etHuref 


cryBtalliiex  in  purallelopipedons 
^^ymetrio  prism.    These  crystals 
LTi  5  molecules  of  water.    When 
&  superficially :  heated 
we  -i  miiie<-uies  ot  wuter,  disengaging  the  fitUi 
The  anhydrous  salt  is  wlilte.     At  a  high  heat,  copril 
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sulphate  is  decon^MMed  into  cnpric  oxidey  sulphuioas  oxide, 
and  oxygen. 

Cnpric  sulphate  diasolTes  in  4  parts  of  cold,  and  in  2  parte 
of  boiling  water,  and  the  concentrated  solution  has  a  pure  blue 
color.     It  is  insoluble  in  alcohol. 

When  an  excess  of  ammonia  is  added  to  a  solution  of  caprie 
sulphate,  a  beautiful,  dark-blue  liquid  is  obtained.  It  oontaiDS 
ammoniacal  cupric  sulphate,  CuSO*  4~  "^NH'  4~  H'O,  which 
separates  in  dark-blue  crystals  when  alcohol  is  added  to  the 
aqueous  solution. 

There  are  several  basic  sulphates  of  copper  representing 
compounds  of  cupric  sulphate  aud  cupric  hydrate.  One  of 
them  in  obtained  as  a  green  powder  when  a  solution  of  cupric 
sulphate  is  digested  with  cupric  hydrate.  The  bluish  precipi- 
tates obtained  by  incompletely  precipitating  solutions  of  cupric 
sulphate  with  potassium  hydrate  are  basic  sulphates. 

Uses. — Cupric  sulphate  is  employed  as  a  caustic  applicable 
to  diseases  of  the  eye.  In  the  arts,  it  is  used  in  the  prepara- 
tion of  blue  asheSj  a  mixture  of  calcium  sulphate  and  cupric 
hydrate,  made  by  decomposing  cupric  sulphate  with  milk  of 
lime. 

It  is  much  used  in  dyeing,  particularly  in  dyeing  black  on 
wool  and  cotton.  Its  solution  is  used  for  steeping  wheat. 
Lar^^e  quantities  of  sulphate  of  copper  are  employed  for  elec- 
trotyi)ing. 

CARBONATES  OF   COPPER. 

When  cold  solutions  of  sodium  carbonate  and  cupric  sul- 
phate are  mixed,  a  bluish-green  precipitate  is  obtained,  and  at 
the  same  time  carbonic  acid  gas  is  disengaged.  The  precipi- 
tate becomes  green  when  washed  with  warm  water.  It  i^ 
known  as  mineral  green,  and  can  be  regarded  as  a  combiDa- 
tion  of  one  molecule  of  cupric  carbonate  with  one  molecule  of 
cupric  hydrate.     It  contains 

CuCO'  -f  Cu(OH)» 

A  similar  compound  exists  in  nature,  constituting  malachite. 
This  mineral  occurs  in  jrreon  masses.  When  cut  and  polished, 
it  presents  veins  of  various  tints,  and  is  fashioned  into  orna- 
mental objects,  such  as  vases,  cups,  etc. 

Azuritt  or  nu/untahi  blue,  which  crystallixeB  in  beautifiU) 
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blue,  obHque  rhombic  prifflns,  can  be  regarded  as  a  compound 
of  two  molecules  of  cupric  carbonate  with  one  of  the  hydrate. 

2CuC0'  +  Cu(OH)» 

Debraj  has  reproduced  azurite  artificially  by  leaving  calcium 
orbonate  for  a  long  time  in  contact  with  cupric  nitrate  in 
sealed  tubes. 

ALLOYS  OF   COPPER. 

Brass  is  an  alloy  of  copper  and  zinc,  ordinarily  containing  i 
one  and  I  copper.  It  oilcn  contains  a  small  proportion  of  tin 
aad  even  of  l^ul. 

Bronze  is  an  alloy  of  copper  and  tin  fsee  table  of  alloys,  page 
239).  While  brass  is  malleable  and  ductile,  bronze  is  brittle 
when  it  has  been  slowly  cooled,  but  it  becomes  malleable  after 
tempering, — that  is,  when  it  Ls  heated  to  redness  and  then 
pfainged  into  cold  water. 

German  silver  contains  25  per  cent,  of  zinc,  25  of  nickel, 
and  50  of  copper. 

Characters  of  Copper  Salts. — These  salts  are  blue  or  green. 
Their  solutions  are  precipitated  brown  by  hydrogen  sulpbide 
and  ammonium  sulphide ;  an  excess  of  the  latter  reagent  will 
not  dissolve  the  precipitate. 

Potassium  hydrate  forms  a  dense,  light-blue  precipitate,  in- 
soluble in  excess.  Ammonia  first  forms  a  pale-blue  precipitate, 
which  is  then  dissolved  by  an  excess  of  the  reagent  with  a  rich 
aky-blue  color. 

Potassium  ferrocyanide  gives  a  chestnut-brown  precipitate 
even  in  very  dilute  cupric  solutions. 

An  apple-green  precipitate  of  cupric  arsenite  (Scheele's 
^reen)  is  formed  when  potassium  arsenite  is  added  to  cupric 
sulphate. 

A  bright  piece  of  iron  plunged  into  a  cupric  solution  in- 
stantly becomes  covered  with  a  deposit  of  metallic  copper. 


MERC^UKY. 

Hg  (Hydrargyrum)  =  200 

Vatnral  State  and  Extraction. — Mercury  occurs  native, 
and  especially  combined  with  sulphur,  mercuric  sulphide  or 
natural  cinnabar  being  its  principal  ore.     It  is  found  in  diflfeiy 
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enl  localitieB  in  Europe  kikI  America,  prineipnil;  at  A 
Spfuii;  Idria,  in  Iltyria;  Shi  Jiie£,  in  Oftlif<>rnk. 

Tbi>  treatmoDt  of  tho  oro  ia  verjr  »iu)ilt.     Tbi;  euljil 
roaated  in  a  cuireut  of  mt  in  lumaceB  of  peculia.  .    ,  __ 

Qic  Bulplmr  b  oxidized,  and  pa»ee  nS  as  enlphur  dioxide,  its 
mercnTj  being  wit  free.     The  metal  Tolaliliiofl  iind  ij  Ivd,  to- 
gether with  the  gu8t»  from  the  combustion,  either  i 
I    deiiHation-ehnmherB,  or  through  lung  rows  of  little  cylindriol 
,    vessels,  where  the  uercuiy  condenses. 

Fig.  113   represents   the  furnaces  employed  at  j 
'  \  tbe  fireplace,  and  the  body,  AB,  charged  wKb  ore.-- 


I 


mercury-vapor  passes  by  o,  and  cmdciisns  i 
cnterinfT  one  in  the  other,  and  arranged  upon  two  ind 
all,  be,      Tlic  rondensud  metal  runs  into  a  chanQ«l,l 
which  it  ia  nmdiictcd  into  a  nwrvoir.     Tho  sulphiu 

r,  still  charged  with  v»poir  ot*  moroary.  passes  intn  n  cJiamWi. 
descending  to  the  floor,  whert^  it  is  cooled  by  eontact  witJi  i 
tiuagh  filled  with  wat*r,  d.  In  this  vliuiibvr  tlm  cond« 
of  the  meronry- vapor  is  (Kimpli.-I(>d. 

Pig.  114  ropresL-iile  the  seTeral-sloried  fiimacc<a  no, 
and  the  uoudeiiBAtion-L-haiubRrs  CC,  used  at  Idria, 

Cinnabar  may  also  be  rednced  by  iron  or  by  Umo. 

The  metal  thus  extracted  is  pari£ed  by  filtraUou  ( 
lioking-clolh  or  ('hamDiB-skin.  It  is  ordinarily  tntnsfi 
forged  iron  bottles. 

The  mercury  of  cotnmeroe  ia  nearly  always  alleged  w 
quantities  of  otlier  metals,  such  us  load,  tin.  oopper,  i 
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mith.  In  this  state  ite  sorface  is  not  as  brilliant  as  when  pnre, 
it  does  not  run  u  reidily,  and  the  droits  are  drnwn  uut  to  a 
pwnt,  Tliey  are  said  to  form  tnils.  it  may  be  purified  by  di»- 
tillatiuQ,  ma  operation  which  requires  certain  precautions,  anw 
«bit^h  is  ordinarily  effected  in  the  iron  bottlra  which  serve  fw? 
the  tmnspiirtation  of  the  meUil. 

It  may  alao  bo  parified  by  digesting  it  for  several  days  with 
une-thirtii-th  ila  weight  of  coniweriiial  nitrie  aeid  diluted  with 
in  own  weight  uf  water;  the  aqueous  liquid  is  then  deoanliH] 
and  the  luircury  washed,  first  with  warm  wutur  acidulated  with 
nitric  ni-id.  ihcn  with  pure  water,  tdlei  which  it  tarn  ha  dried. 
In  this  (([lemtion,  the  nitric  acid  rcnioves  the  fori-igii  oietoU, 
— »  OKidimble  than  the  mercury,  which  displace  the  latter 
*"  "     D  ita  aolntioD  in  the  nitric  acid. 


i 


PropertieB.— Mt-rcnry  h  Hqui.l,  hiil  >„li,iiti>.-  :ii  —411°  The 
Mtiid  melal  at  this  low  lenipcrahire  m  miillcaMe,  und  has  a 
dentntjof  14,4.  The  density  of  liquid  mercury  is  13,595.  It 
l)»ila  al.  850°  of  an  air  thennonieU.T.  Its  vapor  a  colorless, 
lud  has  a  density  of  6. AT'!.  , 

!t  is  uiialt«rcd  by  coolnct  with  the  air  at  ordinary  tempera' J 
tone,  bnt  at  300°  it  slowly  absorbs  oxygen,  and  its  aurfaoBa 
becomes  covOTed  with  n  red  powder,  which  is  merenrio  ojtidi 
called  hy  the  ancients  iw/  jtrrHpitnte. 

Merrury  pombinef  with  chlorine,  bromine,  and  iodine  at  oi 
nary  temperatures,  aod  with  aulpharby  theaid  of  agentle  hei 
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Hydrochlorio  acid  does  not  attack  it.  Dilate  nitric  add  dis- 
solves it  in  the  cold,  forming  mercorous  nitrate.  Hot  nitric 
acid  dissolves  it,  forming  mercuric  nitrate  and  evolving  red 
vapors. 

OXIDES  OF  MERCURY. 

Two  oxides  of  mercu^  are  known,  mercurous  oxide,  H^, 
and  mercuric  oxide,  HgO. 

The  first  is  prepared  by  digesting  mercurous  chloride  (calo- 
mel) with  potassium  hydrate ;  a  black  powder  is  obtained  which 
is  very  unstable.  By  the  action  of  light,  or  by  a  temperature 
above  100°,  it  decomposes  into  mercuric  oxide  and  mercury. 

Mercuric  Oxide,  HgO,  can  be  obtained  by  either  the  dry  or 
wet  method.  The  first  consists  in  decomposing  mercuric  nitrate 
by  heat;  the  salt  is  gradually  heated  in  a  flask  on  a  sand- 
bath  until  red  vapors  cease  to  be  disengaged. 

The  oxide  thus  prepared  is  an  orange-red,  granular,  and 
crystalline  powder. 

Mercuric  oxide  is  prepared  in  the  wet  way  by  decomposing 
a  solution  of  mercuric  chloride  by  potassium  hydrate.  A 
yellow  precipitate  of  anhydrous  mercuric  oxide  is  obtained. 

When  mercuric  oxide  i.s  heated,  it  assumes  a  dark-red  color  j 
and  decomposes,  if  the  temperature  be  above  400°,  into  oxygen  j 
and  mercury.  It  yields  its  oxygen  to  many  bodies,  such  as  ? 
charcoal,  sulphur,  and  phosphorus,  which  it  oxidizes  energet- 
ically. When  heated  with  sulphur,  it  produces  an  explosion. 
In  these  reactions  the  finely-divided  yellow  oxide  is  more  active 
than  the  red  oxide. 

MERCURIC  SULPHIDE. 

iIgS 

This  is  the  cinnabar  j^enerally  foutid  in  nature  in  compact 
masses,  sometimes  in  transparent,  red,  hexagonal  prisms  or 
rhonibohedra.  It  is  nianutiietured  by  directly  combining  sul- 
phur and  niercur}'.  The  combination  takes  place  when  the 
bodies  are  triturated  together  in  the  cold,  in  the  proportion  of 
100  parts  oi'  mercury  and  18  parts  of  sulphur.  A  black  ma* 
is  thus  obtained  which  is  sublimed  in  iron  vessels. 

Cinnabar  i)rei>ared  by  sublimation  occurs  in  dark-red  masses, 
having  a  fibrous  and  crystalline  structure.  Its  density  is  S.V^^- 
At  a  high  temperature,  it  volatilizes  without  melting.    When 
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lieited  in  the  air,  it  burns  with  a  blue  flame,  yielding  salphnr- 
008  add  gas  and  metallic  mercury.  It  is  decomposed  by  hydro- 
gen, charcoal,  and  most  of  the  metals.  Boiling  sulphuric  acid 
deoomposes  it  with  formation  of  sulphurous  acid  gas  and  sul- 
phate of  mercury.  Nitric  acid  scarcely  attacks  it,  even  when 
boiling. 

VenmBwn  is  a  finely-divided  mercuric  sulphide  having  a 
rich  scarlet  color.  It  is  prepared  by  triturating  for  several 
kmr?  in  a  mortar,  300  parts  of  mercury  and  114  parts  of 
lowers  of  sulphur,  and  adding  to  the  black  sulphide  thus  ob- 
tibed  75  parts  of  potassa  and  400  parts  of  water.  The  mixture 
iB  maintained  at  a  temperature  of  about  45°,  being  continually 
triturated  with  a  pestle.  As  soon  as  the  powder  has  acquired 
a  fine  scarlet  color,  it  is  rapidly  washed  with  hot  water  and 
dried.  It  is  employed  in  painting  and  also  to  color  sealing- 
wax. 


MERCUROUS  CHLORIDE,  OR  CALOMEL. 

Hg«Cl* 

Mercurous  chloride  is  largely  used  in  medicine  under  the 
name  calomel  or  mtlil  chloride  of  mercury. 

PreparatioiL — An  intimate  mixture  of  mercurouH  sulphate 
and  sodium  chloride  is  heated  in  a  capacious  glass  niatraj^  on 
a  sand-bath.  The  mercurous  chloride,  formed  by  double  decom- 
position, sublimes. 

Hg»SO*  +  2NaCl  =  Hg^CP  +  Na'SO* 

It  is  thus  obtained  in  compact,  crystalline  masses.  When 
it  is  strongly  heated  and  its  vapor  passed  into  large  utonewart.' 
Vessels  filled  with  steam,  it  condenses  in  an  impalpable  powder, 
in  which  form  it  is  used  by  preference  in  medicine. 

Calomel  may  also  be  prepared  in  the  wot  way  by  adding 
hydrochloric  acid,  or  a  solution  of  sodium  chloride,  to  a  solu- 
tion of  mercurous  nitrate.  A  white,  curdy  ])recipitate  is 
obtabed  which  is  washed  and  dried. 

Properties. — Prepared  in  the  dry  way  calomel  occurs  a.s 
dense,  fibrous,  crystalline  and  slightly  transparent  masses,  one 
side  of  which  is  smooth,  the  other  presenting  the  sharp  points 
of  the  crystals.  When  exposed  to  light,  it  becomes  yellow  and 
^en  gray  in  time,  being  partially  decomposed.     Its  density  is 


Vi 
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7.17.  The  density  of  its  vapor  is  8.35.  •  It  meltB  and  vola- 
tilizes at  the  same  temperature.  When  slowly  sabliBed,  it 
cryBtallizes  in  square  prisms.     It  is  insoluble  in  water. 

A  solution  of  potassium  iodide  agitated  with  calomel  oob- 
verts  it  into  a  green  powder  of  mercnrous  iodide.  If  an  excea 
of  potassium  iodide  be  employed,  the  green  powder  disajqwin 
and  is  replaced  by  a  gray  precipitate  of  metallic  mercury,  the 
mereurous  iodide  at  first  formed  being  decomposed  into  mereoiy 
and  mercuric  iodide,  which  dissolves  in  the  potassium  iodide. 

An  analogous  reaction  takes  place  with  the  alkaline  chloridei 
by  the  aid  of  heat,  the  mereurous  chloride  breaking  up  into 
mercuric  chloride  which  dissolves,  and  metaUic  mercoiy  which 
is  deposited. 

MERCURIC    CHLORIDE,  OR    CORROSIVE   SUBU- 

MATE. 

HgCl* 

Preparation. — This  body  is  obtained  by  double  decomposi- 
tion, by  heating  a  mixture  of  mercuric  sulphate  and  sodium 
chloride  on  a  sand-bath.  The  mercuric  chloride  condenses  in 
the  upper  part  of  the  matrasses  which  are  imbedded  up  to  the 
neck  in  the  sand. 

HgSO*  +  2NaCl  =  Na'SO*  +  HgCI* 

Towards  the  close  of  the  operation  the  heat  is  increased  in 
ordor  to  agglomerate  the  sublimate  by  a  partial  fusion. 

Another  process  consista  in  passing  chlorine  into  heated 
mercury ;  the  combination  takes  place  with  the  production  of 
luminous  heat. 

Properties. — Mercuric  chloride  prepared  by  the  dry  method 
occurs  in  compact,  white,  crystalline  and  friable  masses,  having 
a  density  of  0.5.  It  is  an  energetic  poison.  It  melts  at  tbowt 
265°,  and  boils  towards  295°.  The  density  of  its  vapor  is 
9.42.  By  sublimation  it  may  be  obtained  crystallised  in  re^ 
tangular  octahodra. 

It  is  8olu])lc  in  1 9  parts  of  cold  water,  also  in  alcohol  and  ether. 
It  is  deposited  from  its  hot,  saturated,  aqueous  solution  in 
long  prisms,  belonging  to  the  type  of  the  right  rhombic  prini* 
The  crystals  are  anhydrous. 

The  aqueous  solution  of  mercuric  chloride  produces  a  white 
precipitate  in  a  solution  of  albumen  of  white  of  egg.    This 
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precipiuio  is  s  combinatiuu  of  mvrQurie  vlilunile  tmd  nlliun 
Albumi^ii  in  than  the  amiduto  to  ciirruMive  xubUiuatti. 

Wlwu  u  ali-rht  exevBn  of  ammonia  in  added  to  a  solution  of 
mnvsive  snbUmutr.  a  white  (lcp«Ht  m  formed,  knowo  as  vhiln 
prteipilait.  nf  wLii'li  the  compositioQ  is  expressed  by  the 
feraik  UgH'NC'l. 

HgO'  -f  2Nir  =  SH'Cl  +  HgH'NCI 

It  may  bo  rogmnlecl  aa  tbe  chloride  of  mercury-am 
Alt  is,  uumoniom  chloride  in  which  2  atoms  of  bydrogeu  « 
neplaced  by  i>ii<!  atom  of  the  diatomic  metal  mercury, 

Hg"! 
UgH'NCl  =    U    }  NCI 


Hg"-) 


Corroaive  BubIimLat«  forms  crystal  1  liable  double  combinations 
^ritb  the  alkaline  chlorides  and  nith  ammonium  chloride, 


MEBCUBOUS   IODIDE. 


This  compound  is  ordinarily  prepared  by  directly  combining 

lercory  nnd  iinlioe.     10(1  jiarta  of  mercury  and  63. 5  parts  n(" 

Inline  are  irituruted  with  a  amall  quantity  of  alcohol,  until  the 

•"liolc  is  converted  into  a  green  powder,  which  ia  then  wuKlied 

'ilh  boiling  aleohol  and  dried. 

It  mny  »lso  be  prepared  by  double  decomposition  byprccipi- 

'^•Ming  a  solution  of  meicurous  nitrate  with  potassium  iodide, 

^t"  by  ibe  reaction  of  the  latter  liody  upon  calomel. 

Sfercuroua  iodide  is  not  u  stable  compound.     It  is  decom- 
posed by  li(5hu    Heat  breaks  it  up  into  mercury  and 
**>«jide.  and  the  same  decomposition  is  eSeoted  by  potassium 
ide  and  the  alkalina  chlorides.  ~ 


MERCimiC    IODIDE. 
HgP 


iiim  I 


Men^c  iodidK  is  prepared  by  pouring  a  solntion  of  10(1 
Vcuts  of  putasaium  iodide  inlu  n  nolution  of  80  parte  of  corro- 
-   ^■«  Htbltnuite.    A  Leatiliful  scarlet -red  precipitate  of  mercuric 
^JBi^  in  tfarotro  down. 

Il  u  neoessary  that  the  bodies  be  employed  in  the  propor- 
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tions  indicated ;  an  excess  of  potassium  iodide  would  dissohc 
the  mercuric  iodide  first  precipitated. 

Mercuric  iodide  is  almost  insoluble  in  water ;  it  is  sligfatlT 
soluble  in  boiling  alcohol,  which  deposits  it  on  cooling  in  small 
red  octahedral  crystals. 

If  mercuric  iodide  be  heated  in  a  small  glass  retort,  it  melti 
to  a  dark-yellow  liquid  which  solidifies  on  cooling  to  a  ydlow 
maAs.  At  a  higher  temperature  the  liquid  boils  and  its  vi^ 
condenses  in  a  dark-yellow  liquid  which  solidifies  to  a  yellow 
mass ;  at  the  same  time,  right  rhombic  prisms  of  a  yellow  color 
sublime.  If  these  be  rubbed  with  a  glass  rod  or  other  hard 
body  they  instantly  become  red,  first  at  the  point  of  contact, 
then  throughout  the  entire  mass. 

These  two  forms  of  mercuric  iodide  constitute  one  of  the 
most  curious  examples  of  dimorphism. 

Mercuric  iodide  forms  a  combination  with  potassium  iodide 
which  is  soluble  in  water.  A  solution  of  this  iodo-kydrarpyrate 
of  pofdssium  is  not  precipitated  by  potassium  hydrate,  but  the 
liquid  rendered  alkaline  by  the  latter  reagent  is  a  very  sensi- 
tive test  for  auunonia  (  A^esslers  test),  with  which  it  gives  a  pre- 
cipitate or  a  brown  cloud  more  or  less  intense,  according  to  the 
quantity  of  aniniunia  present. 

NITIIATES   OF   MERCURY. 

Neutral  mrrcurous  nttmfe  (Hg^)"(NO')' +  2HH),  is  oh- 
tained  by  th«^  action  of  an  excess  of  cold,  dilute  nitric  acid  upon 
metallic  mercury.  Ailer  some  time,  short  colorless  prisms  are 
formed  in  the  liquid,  constituting  the  neutral  salt.  The  lattrf 
is  readily  soluble  in  water  charged  with  nitric  acid. 

When  mercury  is  attacked  by  an  excess  of  boiling  nitric 
acid  and  the  sohition  is  evaporated,  voluminous  crystals  of  » 
basic  mercuric  nitrate  separate,  Hg(NO')'.HgO  -f  2H*0. 

The  syruj)y  liquid  from  which  these  crystals  are  deposited, 
contains  neutral  mercuric  nitrnfe. 

lIg(NO--')='  +  8IP0 

This  salt  is  deposited  in  large,  colorless,  rhombic  tables  when 
the  syrupy  solution  is  cooled  to  — 15°. 

A  large  quantity  of  cold  water  decomposes  this  nitrate  into 
nitric  acid  which  dissolves,  and  a  basic  salt,  Hg(NO')*.2HgO 
+  H'O,  forming  a  yellow  powder. 
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SULPHATES  OF  MERCURY. 

e  is  a  mercurotu  sulpJuUe^  (Hg*)"SO*,  and  a  mercwric 

%  H§"80*. 

first  IS  obtained  by  heating  equal  parts  of  mercury  and 

ie  acid,  arresting  the  operation  when  two-thirds  of  the 

r  are  converted  into  a  white,  crystalline  powder.     Mer- 

mlphate  is  but  slightly  soluble  in  cold  water. 

lepare  mercuric  sulpnate,  1  part  of  mercury  and  H 

'  sulphuric  acid  are  heated  to  complete  desiccation  on  a 

;h. 

Hg  +  2H»S0*  =  2H«0  +  HgSO*  +  SO' 

irell  to  add  a  small  quantity  of  nitric  acid  before  drying. 
uric  sulphate  is  an  anhydrous,  white  powder.  It  decern- 
>  a  red  heat  into  metallic  mercury,  sulphurous  acid  gas, 
fgen.  Charcoal  reduces  it  readily,  equal  volumes  of 
iioxide  and  sulphur  dioxide  being  disengaged. 
uric  sulphate  is  slightly  soluble  in  water :  a  large  cjuan- 
oold  water  converts  it  into  a  yellow,  basic  salt,  HgSO*. 
known  as  turpeth  mineral. 

Beters  of  Hercuroiu  Salts. — Their  solutions  are  pre- 
d  black  by  hydrogen  sulphide,  and  also  by  potassium 
and  ammonia.  Hydrochloric  acid  gives  a  white  pre- 
which  is  blackened  by  ammonia.  Potassium  iodide 
.  green  precipitate  of  mercurous  iodide,  converted  by 
88  of  the  reagent  into  mercuric  iodide  which  dissolves, 
y  metallic  mercury. 

'aoters  of  Mercuric  Salts. — Solutions  of  mercuric  saltA 
npitated  black  by  an  excess  of  hydrogen  sulphide,  and 
ionium  sulphide, 
ssium  hydrate  forms  a  yellow  precipitate,  insoluble  in 

lonia  yields  a  white  precipitate  in  solutions  of  corrosive 

.t€.  ^ 

rochloric  acid  does  not  precipitate  the  mercuric  salts. 

zinc,  and  copper  precipitate  metallic  mercury  from 
lercurous  and  mercuric  solutions.  A  slip  of  copper 
into  such  solutions  becomes  covered  with  a  gray  coating 
icquires  brilliancy  by  rubbing. 

ed  with  lime  in  a  glass  tube,  all  of  the  mercury  corn- 
yield  metallic  mercury  which  sublimes  in  small  globules, 
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euj  to  reoogniie  nndar  the  mioroMopeiaiid  whidi  ou  baektf* 
•cterind  by  the  addidiNi  of  iodioe,  the  vapor  of  wbidi  confvli 
the  metallic  globules  into  jellow  or  red  meisarie  lodidflL 

Atomidtjr  of  Copper  ud  Moreoiy. — Copper  aid  noMQ 
form  two  series  of  oompoonds.  In  the  one,  two  alons  of  dii 
diatomic  metal  are  oomUoed  tc^gether,  forming  a  Sdmk 
couple,  as  in  cuprous  and  meronroos  chhnrideBy 

CWhh-Cu-a  d-Hg-Hg-a 

In  the  other,  one  atom  of  the  diatomio  metel  is  mtnalej  \f 
two  atoms  of  chlorine,  or  one  atom  of  ozjgen,  ete.,  as  in  eqni 
and  mercuric  oxides,  GuO  and  HgO. 


VANADIUM. 

V  =  61.87 

Vanadium,  niobium,  tantalum,  indium,  thalium,  gold  ni 
bismuth,  constitute  a  class  of  triatomio  or  pentatomie  ekmeoU 
The  first  tliree  are  more  closely  related  to  the  noa-meuUio 
bodies  than  to  the  metals,  and  might  properiy  be  ooosidand  ai 
members  of  the  group  of  which  nitrogen  and  phoq>honi  M 
types. 

Vanadium  is  widely  disseminated,  occurring  as  a  TanadHi  rf 
lead,  in  many  argillaceous  iron  ores,  and  in  the  native  oopfC 
of  Lake  Superior,  but  always  in  small  quantity. 

The  compounds  of  the  metal  may  be  prepared  most  reaflf 
from  the  native  vanadates  of  lead  ffonadamite  and  dudoUk 
The  powdered  mineral  is  dissolved  in  nitric  acid,  and  the  krf 
precipitated  by  hydrogen  sulphide.  The  blue  solttUon  is«^ 
tained  is  boiled  and  evaporated  to  dryness :  the  residue  is  boOei 
with  solution  of  ammonium  carbonate,  and  filtered  while  boit 
ing.  On  cooling,  white  crystals  of  ammonium  Tanadals  Mfi* 
rate,  which  when  calcined  yield  vanadic  oxide  VH)*,  as  a  n^ 
dish-yellow  powder. 

Vanadic  oxide  cannot  be  reduced  to  metal  by  either  hydrops 
or  carbon ;  the  former  converts  it  into  trioxide  VH)*,  and  ihi 
latter  into  dioxide  V'O*.  The  metal  may  be  prepared  by  JIM^ 
ing  chlorine  over  a  mixture  of  VO*  and  charcoal,  by  whiekt 
chloride  is  obtained,  and  this  may  be  reduced  to  the  melsBi 
state  by  hydrogen  at  a  high  tempenture.    It  ia  quite  difieik 
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ion  HppmxiiiiBting  purity.     It 
uiklterod  by  cold  air  <ir  boiling 


ptin  vamulium  b  u  coodi 

iihite  substaove,  I 

Ita  density  is  5.5. 

lis  chemical  relatiooa  are  aaalogona  to  tbono  of  iiiLrogeD,  .1 

phnsphoruB  nod  oraeuic,  sd<1  it  is  oonsidercd  u  tiiembiT  uf  the  F 

bilrogcii  fiToiip.     iLs  metuUic  charactiirs  are  no  wore  niarked  J 

ihsm  Hre  tlioee  of  srsea 

Although  vaoadium  is  not  an  abundaat  element,  vunadiuacid  I 
ie  euiployud  in  cerlaio  dyoingupctaiions,  by  roBBon  of  the  facility  I 
wilb  which  it  passes  tu  a  luwer  stage  of  oxidaiiou  and  a^ain  \ 
bewmea  osidib^d.  ibiu  trausfemng  oxygeu  from  the  air 
the  dye-muff.  Metawaiidiiic  aoid,  HVO",  is  u  brilliant  yell 
»  the  vanadium  bronze  u 


I 


like  substance,  und 
tbslitute  for  gold  bi 


NIOBIUM  AND  TANTALUM. 

Nb  =^94.  Ta  =  18M. 


T\t«M  tlementa  arc  aaeocialed  in  several  nitierals,  and  «er«l 

Srdi-d  as  identical  until  1846.  Their  principal  sources 
mb{(e.  a  uiobatti  of  iron  and  mangaDCRC,  (NbO'i'FeMn, 
■hich  more  or  \vaa  of  the  niobium  is  usually  replaced  by  t 
uIdid  ;  laat'iltte,  a  ferrous  tantalile,  7e<TaO')*,  in  which  in  1 
niniier  ■  pinion  of  the  tantalum  ta  replaced  hy  niobiucn  ;  p^ro~ 
Altirite, /rripiumile.  t/ttrolanlalite,  and  r^ixmile,  in  which  these 
cl(ui(fiit»  nre  a>«oeiMed  with  yliriaiu,  oi-rian 

Hiobiam  wn*  oblHined  as  steel-pray  tiuois  by  Roacoe,  who 
I*««i  ihroutih  n  red-boi  lube  tlie  vapor  of  niobium  uhlorida 
nixnl  with  liy<lro|!en.  Its  gpvcifio  gravity  ia  4.0G  ;  it  usidixea 
*i(h  iDcandMcenue  whi^u  heatud  in  the  air,  and  burns  also  in 
dikirine. 

There  nre  three  oxidea  uf  niobium,  Nb'O*,  Nb'O',  aijd  Nb'O*. 
A  mixture  of  the  latter  with  the  otirrespondiu^  tantalic  oxide 
nay  be  obittined  by  fusing  eiiibifcniua  minerals  with  potassium 
laid  aulpbate,  nml  boiling  the  fuoed  miih.s  with  water.  The  res- 
idue is  di;!i.-sted  with  ammonium  sulphide,  and  tbi 
powder  bnilcd  with  hydrochloric  Hcid.  The  two  oxides,  which 
■re  BBaffeeled  by  tbi*  troHtment,  arc  then  separated  by 
iuK  bbem  into  fluolaiilaiato  and  fliianiobale  of  potassium ;  tha 


ai 


Ics,  which    ^^^Hj 

convert-  ^^M 

tha  ^^^H 
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latter  is  much  more  soluble  than  the  former.     The  poturiiiB    I 
salts  are  then  decomposed  by  boiling  with  sulphuric  acid.  I 

Niobic  oxide f  Nb'CP,  is  a  white,  insoluble,  infusible  powder,  I 
which  is  yellow  while  hot  When  strongly  heated  in  hydrogen  I 
it  is  reduced  to  the  tetroxide,  a  bluish-black  powder,  whMi  I 
burns  into  the  pentoxide  when  heated  to  redness  in  the  air.       I 

Niobium  pentoxide  is  the  anhydride  of  niobic  acid,  HNbO*,  I 
which  is  obtained  as  a  white  powder  by  the  reaction  of  niobiiun  I 
pentachloride,  NbCi^,  with  water.  The  normal  niobates  hire  I 
the  general  composition  R'NbO",  and  there  is  also  a  series  of  I 
highly  complicated  niobates,  derived  from  an  unknown  hydnte,  I 
H«Nb«0»»  +  nH«0.  I 

Niobium  forms  two  chlorides,  NbCl'  and  NbCl^  and  an  oxj-  I 
chloride,  NbOCP.  I 

Tantalum  has  probably  not  been  obtained  in  a  pure  sUte.  I 
Berzeliut)  obtained  it  as  a  black  powder  by  heating  potasiun  I 
fluotantalate  with  potassium.  I 

There  are  two  oxides,  Ta«0*  and  Ta'O*.  Tantalk  oxide  tb  I 
separated  from  the  niobic  acid,  with  which  it  is  associated  in  its  I 
minerals,  by  the  process  already  indicated.  It  is  a  white,  iofa-  I 
sible  powder,  and  becomes  crystalline  when  heated.  By  strong  j 
ignition  with  charcoal  it  is  converted  into  the  tetroxide.  ] 

Tantalic  acid,  HTaO',  is  analogous  to  niobic  acid,  and  forms  ^ 
corresponding  series  of  salts. 

Tantahtm  chloride,  TaCP,  is  formed  by  heating  an  intimate 
mixture  of  tantalic  oxide  and  charcoal  in  a  current  of  chlorine. 
Niobic  chloride  is  formed  in  a  similar  manner.  Both  are  fofl* 
ble,  volatile  solids,  crystallizing  in  yellow  needles.  There  is  no 
tantalum  chloride  corresponding  to  the  niobous  chloride  NbCP. 

It  will  be  noticed  that  the  constitutions  of  the  compounds  of 
niobium  and  tantiilum  arc  analogous  to  those  of  the  compounds 
of  nitrogen,  arsenic,  and  phosphorus.  Indeed,  these  elements  are 
more  closely  related  to  the  nitrogen  group  than  to  the  metab 
proper.  They  do  not,  like  the  latter,  form  oxygen  salts  by  re- 
placing the  hydrogen  of  the  oxy-acids,  and  a  rigid  classification 
would  exclude  them  from  the  list  of  metals,  placing  them  with 
the  pentatomio  non-metallic  bodies. 


INDICU — QOhD.  Wi 


rNDIUM. 
Id  =  U3.4 


This  meUl  vas  diw«vereil  in  1S63  by  Reich  and  Bid 

tlie  Hnc  bleiiUee  of  Freilwrg  (Smony).  It  appears  to  e 
in  the  ninjority  of  ainc  blendua,  ant)  nt'tom panics  t)ie  zinc  whicb 
if  cxlnu-tcd  fhitn  ihiiw  minerals.  It  is  ordinarily  ubtAined 
from  melallie  eine.  wliivh,  however,  conlaina  only  very  amall 
i|uaDl)tit:«  of  it.  Conimeniiil  zinc  (that  of  Freiberg  in  pretW- 
able)  is  dip?Ktpd  in  n  quantity  of  dilute  eulpburic  acid  insuffi- 
cient trt  dissolve  all  of  the  metal;  after  ecTenil  weeks,  a  sponpy 
niHiM  remains,  which  contains  an  exeesa  of  »iiic  aud.  indepen- 
drDtly  of  other  metals,  a  email  quaotity  of  tndiiiiu.  Tbia  is 
th«  rm^due  trom  which  indium  is  obtained  by  pToccsses  whidl  J 
need  not  bo  here  dL'Hcribed.  m 

Indium  in  a  brilliant  metal,  pottseasin);  almoxt  the  luetre  ol  I 
tiilver.  It  ia  fcift  and  ductile.  It  melts  at  170°.  and  is  volfcj 
tile,  bat  less  sti  than  zinc  and  cadmium.  It  appmavhes  thesft'l 
metals  in  iti>  general  chemitral  propiTtics,  but  is  more  electr6i  | 
nef^ivc,  bnth  of  tbc  latter  uctals  precipitating  it  IrolJ 
Mdutions, 

Indium  ia  chM-act^irized  by  several  Bpectroscopic  lines,  nmongfl 
which  are  a  very  brilliant  blue  and  a  less  marked  vinlcl  hni.'  f 
Winkler  bas  indiealed  two  other  Less  distinct  blue  linea 
^Twi'  uxidee  of  indium  have  been  described,  a  urnqvinrit/i:, 
*        'a  tnihuxi'fr.     The  Unit  is  obtsine-d  by  cnlcininp  the 
is  yellow.     When  hent^d  t«  300"  in  a  current  of 

^hijwu,  it  ia  partially  reduced,  yieldinfi:  a  black  autiinide, 
Kfidium  chloritU,  IdCI'.  is  formed  when  indium  ia  heated-^ 
■Aconeiit  of  chlorine.     It  is  a  snow-wbil*,  volatile  solid. 


GOT.D. 

Au(Aiiriiin)  =  107 
Satnral  State.— Gold  in  one  of  the  most  anciently  knowB~| 
luetals.     It  is  generally  found  in  tbe  native  state,  either  i 
•itreakB  or  veins,  or  iu  saod.     It  ordinarily  oeiora  in  scalea  ora 
bounded  irrains  di»»emina(*d  iu  alluvial  sands,  or  in  the  rockf* 
whose  diiiititt'graUun  produei-s  such  sands.     It  is  well  know] 
^bftt^U-dufit  )#  suspended  in  the  waters  of  certain  riv 


iker  tnoet  be  rich  in  silver  Id  order  thai  ihis  procesB,  c*lle<I 
"^   "ig.  csD  be  applied.      Henoe  it  b  Eomclimea  oeceeaaiy  to 
e  the  proportiun  uf  silver  by  mcltiag  the  alloy  witli  that  _ 
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An  alloy  of  giild  aud  H!lvt-r  rich  in  guld  inay  uleu  be  treat«<i  ' 
tish  (Uifuu  n'^ia.  Both  nietolH  are  <x>iivertc«l  into  chlorides; 
tnU  uf  silver  U  inMilablc,  while  thai  of  f^Id  diaxulves.  When 
brroDd  sulidiiiUi  is  aildtd  to  the  yellow  solution  of  i?hIoride  of 
fuW,  a  jirwipitate  of  metalliu  golil  is  obtained,  the  chlorine 
tftlnf  DfM.ii  the  iron  of  the  fcrmiu  sulphate  which  is  thna 
nuii»fonui:ii  into  ferrie  Halt. 

Rvperties  of  Gold. — Pare  gold  b>u4  a  i>eiiiitiful  yellow  color.  ; 
Jn  tbiD  leaves  ii  is  translucent,  alluwiu^  the  pussafa'  of  a  jrreen- 
eh  light.    lt(t  density  is  19.5.    It  ia  iguitc  ijoft,  anil  is  the  luuA  | 
Bslleable  and  luust  ductile  of  the  uicliUs.  t 

ll  ladts  nt  1:21X1°.  and  vulatilizcH  at  a  higher  temperature,  1 
[la  Taper  in  green. 

It  is  Diiallered  by  ihc  air  at  all  temperatures.  Sulphuric, 
bvdrodilorii',  nitric,  and  phosphoric  acids  have  no  action  on  it 
•!tli«r  in  the  cold  or  when  aided  by  heat.  It  is  diiuolved  by 
uUu-liyiiro  chloric  acid. 

Some  gold  leaf  may  Iw  boiled  with  hydrochkmc  acid  in  a 
tcBt-Cube ;  ihc  gold  wUI  re^st  the  aclion  of  the  acid,  and  will 
retain  ite  histir.  Sonic  more  gold  leaf  may  be  boiled  with  pure 
DJtric  acid  in  another  tube,  and  ag:ain  the  metal  will  not  be 
■ttaclied.  But  on  mixing  (he  two  litjaids,  the  gold  will  bo  dis- 
Holved  with  disengagement  of  red  vapors.    Gold  trichloride  will 

Kfd,  and  will  color  the  liquid  yellow.  ^^1 

OXIDES  OF   GOLD.  ^H 

e  ore  two  compounds  of  gold  and  oxygen,  a  monoxide,  ^^^| 
and  a  trioxidc.  Aa'C  The  latter  forms  compounds  ^^^H 
nth  the  \r.mi-».  When  msgDesia  is  added  to  solution  of  auric  ^^^H 
^milii,  an  tiisolable  yellow  precipitate  of  magnesium  aurat«  ^^^| 
p  fomietl ;  when  thin  is  decomposed  by  nitric  acid  it  leaves  aurio  ^^^| 
hijrdinte.  Thi"  hydrate  is  ycUow;  it  easily  parts  with  its  water, 
lad  is  itiUTerti-d  inio  a  brown-black  powder  of  auric  oxide. 
*"  latter  is  not  stable,  being  decomposed  by  light  and  by  a 
"  about  ■*5(l*'. 
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Gold  ia  sometimes  fonod  combined  with  silver,  lead,  cupper, 
and  tellariani. 

EztractioiL — Gold  b  extracted  fniin  umit'ennis  eaai  h] 
WBeliing?,  which  renidve  the  particles  lighli-'r  (lian  ihe  golJ, 
These  wiishiD;:^  unt  conduulcd  in  wmiilen  troughs  (<7nidl(«),  i>r 
ou  iDclioed  t^les,  the  gohl  sinking  to  the  bottom  of  the  crodim 
or  remaining  un  Ihe  tables.  When  it  ia  in  [inrtirltw  too  m' 
to  be  separated  mechanicalty  from  the  Hiuid,  irhicli  still  na 
in  small  quantity,  the  whole  ia  ablated  with  mercuty ;  tliu  gold 
diBsutvea.  The  anialgam  tlius  obtained  ia  oompretseed  in  i 
chunois-slcin,  whieb  aJlowa  the  pas^u^  of  the  excoss  of  inet- 
cury.     When  the  solid  rei^idue  ia  distilled  tlie  gold  remains. 

Auriferous  (juartg  rocks  are  crushed  to  powder,  which  is  Uica 
subjected  to  wae<hings.  Alercury  is  sometimes  cmploj«d  tu  ci' 
tract  tlic  gold  from  the  pulverited  rock.  The  foUuwinj;  piwc» 
ba«  been  employed  for  some  jeara  in  L'alifornin  and  AuftnliiL 
The  crushed  rock,  with  mercury,  water,  and  two  caifl-iruo  halbr 
is  introduced  iiitu  baxina,  l«  which  a  rotating  motiou  ia  gtm 
CFig.  115).    By  the  friction  of  the  balls  it  is  soon  r 


an  impalpable  powder,  which  rcuiains  jni!<[iitnded  in  the  tlW. 
and  is  larried  out  with  the  liiticrthrou<;h  openings  in  ibespp'' 
part  of  the  banms,  while  the  gold  nmolgamatea  with  tlm  ■<*' 

Native  gold,  as  well  as  that  extractiid  from  dilTorent  iniDtw 
is  nearly  always  alloyed  with  silver.  Tim  two  niebtla  are  MP* 
arnted  by  the  wet  way,  by  attacking  the  alloy  witb  either  nilw 
or  dulphuric  acid.  Nitrate  or  suljihale  of  silver  is  fomiedit''* 
latter  being  soluble  in  hot  water.  The  gold  nnuias  in  •  P"V 
verulenl  Btat«.    It  ui  tu  be  rtotiarkud  that  the  kUo;  of  jpU  i"^ 


OXIDIB  or  GOLD.  3d5 

flflyer  must  be  rich  in  sflver  in  order  that  this  prooesB,  called 
itfining,  can  be  applied.  Henoe  it  is  sometimes  necessary  to 
increase  the  proportion  of  silver  by  melting  the  alloy  with  that 
metal. 

An  alloy  of  gold  and  silver  rich  in  gold  may  also  be  treated 
with  aqua  regia.  Both  metals  are  converted  into  chlorides; 
that  of  silver  is  insoluble,  while  that  of  gold  dissolves.  When 
Perrons  sulphate  is  added  to  the  yellow  solution  of  chloride  of 
gold,  a  precipitate  of  metallic  gold  is  obtained,  the  chlorine 
acting  upon  the  iron  of  the  ferrous  sulphate  which  is  thus 
transformed  into  ferric  salt. 

Froperties  of  Gold. — Pure  gold  has  a  beautiful  yellow  color. 
In  thin  leaves  it  b  translucent,  allowing  the  passage  of  a  green- 
ish light  Its  density  is  19.5.  It  is  quite  soil,  and  is  the  moHt 
malleable  and  most  ductile  of  the  metals. 

It  melts  at  1200^,  and  volatilizes  at  a  higher  temperature. 
Its  vapor  is  green. 

It  is  unaltered  by  the  air  at  all  temperatures.  Sulphuric, 
hydrochloric,  nitric,  and  phosphoric  acids  have  no  action  on  it 
either  in  the  cold  or  when  aided  by  heat.  It  is  diHsolved  by 
nitro-hydrochloric  acid. 

Some  gold  leaf  may  be  boiled  with  hydrochloric  acid  in  a 
testrtube ;  the  gold  will  resist  the  action  of  the  acid,  and  will 
retain  its  lustre.  Some  more  gold  leaf  may  be  boiled  witli  pure 
nitric  acid  in  another  tube,  and  again  the  metal  will  not  be 
attacked.  But  on  mixing  the  two  liquids,  the  pold  will  be  (Hh- 
8«lved  with  disengagement  of  red  vapors.  Gold  trichloride  will 
be  formed,  and  will  color  the  liquid  yellow. 

OXIDES  OF  GOLD. 

There  are  two  compounds  of  gold  and  oxygen,  a  monoxide, 
AuK),  and  a  trioxide,  Au^O*.  The  latter  forms  compounds 
^th  the  bases.  When  magnesia  is  added  to  solution  of  auric 
cblnride,  an  insoluble  yellow  precipitate  of  magnesium  aurate 
i«  formed ;  when  this  is  decomposed  by  nitric  acid  it  leaves  auric 
liydrate.  This  hydrate  is  yellow ;  it  easily  parts  with  its  water, 
and  is  converted  into  a  brown-black  powder  of  auric  oxide. 
The  latter  is  not  stable,  being  decomposed  by  light  and  by  a 
temperature  of  about  250°. 


81* 
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CHLORIDES  OP  GOLD. 

Aurous  chloride^  AuCl,  is  obtained  as  an  insoloUe  jeDof 
powder  by  heating  auric  chloride  to  230^. 

Auric  chloride  or  trichloride  of  gold^  An  CI*,  is  prepared  by 
disHolvi n^i:  the  metal  in  aqua  regia.  After  concentration  the 
liquid  solidifies^  on  coolings  to  a  dark-red,  crystalline  and  deli- 
(|uesccnt  mass. 

The  solution  of  auric  chloride  is  yellowish-brown  when  con- 
centrated, pure  yellow  when  dilute.  It  is  decomposed  by  light 
It  colors  the  skin  violet,  and  is  reduced  by  a  great  number  of 
bodies.  Phosphorus,  and  hypophosphorous,  phosphorons  and 
sulphurous  acids  precipitate  from  it  metallic  gold.  It  is  the 
same  with  most  of  the  metals,  which  combine  with  the  chlorine, 
setting  free  the  gold.  A  brown  precipitate  of  metallic  gold  is 
immediately  obtained  on  adding  a  solution  of  ferrous  sulphate 
to  a  solution  of  auric  chloride.  Auric  chloride  dissolves  in 
ether,  whicli  removes  it  from  its  aqueous  solution  when  the 
two  li(|ui(ls  are  aj:itated  together. 

If  a  solution  of  auric  chloride  be  added  to  a  mixtiireuf 
stannous  and  stannic  chlorides  in  solution,  a  flocculent  precipi- 
tatti  of  a  purpKi  color,  more  or  less  pure  according  to  the  con- 
centration of  the  solutions  and  the  proportions  of  the  mixture, 
will  be  formed.  It  is  purple  of  Cassins,  a  compound  employed 
in  painting  on  ti;la.ss  and  porcelain.  It  contains  tin,  gold,  oxy- 
gen, and  hydrogen,  but  its  constitution  is  not  well  known. 

Aurie  chloride  forms  crystalline  compounds  with  the  alkaline 
chlorides.  When  a  mixture  of  chloride  of  gold  and  stnliam 
chloride  is  evaporated  until  a  pellicle  forms  on  its  surface,  yellow 
crystals  containing  NaCl.  AuCT  +  2H''0,  are  formed  on  cooling. 

Gilding. — Several  processes  are  used  for  gilding  metals,  such 
as  silver  and  copper.  The  olyects  may  be  gilded  by  amalga- 
mation, by  di|)pin<r,  or  by  galvanic  deposition. 

Gililliuj  Itji  Ainnlijmmifiim. — (rold  readily  alloys  with  mer- 
cury, and  the  anialLram  is  used  for  gilding  objects  of  silver  and 
copper.  The  pieces  are  heated  to  d(»stroy  greasy  matters,  and 
are  then  cleaned  by  dipping  them  into  dilute  sulphuric  acid, 
atler  which  they  jire  washed  and  dried  with  saw-dust.  They 
are  then  rubbed  with  a  brush  of  brass  wires  dipped  into  a  solu- 
tion of  mercurous  nitrate,  and  then  with  a  brush  imprt^nated 
with  an  amalgam  of  one  part  of  gold  and  eight  parts  of  mer- 
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They  are  aftarwarda   heated  to  Tolatilice  the  morcui 
jwntioD  dangerous  to    tbe  health  of  the  worki 

,. Jl  nhoulil  be  coiiductcNl  in  a  furnace  having  a  good  drau^iht. 

The  |)ieoea  ihua  gilded  are  dnil )   they  become  lastroua  aC 
Boibible  wasIiiogB  and  polishiDgs. 

^^CiZrfj'ny  by  Dtppinij. — Copper  objects  may  bo  covered  w 
^^Bb  film  of  ^old  by  dipping  them  into  a  iKiUiag  solution 
^^Knntc  and  pluiajihate  of  Budium  to  which  auric  chlorif 
^^^ftecn  adde<L 

w^^KitcfTo-Gildiiig. — The  copper  objects,  previously  heated 
'oDWicd  by  dilute  sulphuric  add,  arc  plunged  for  a  few  secoi 
into  dilute  nitric  acid  and  then  -wiped  dry.     They 
ooonecled  vilh  the  negative  pole  of  a  battery  aud  dipped  iai 
»  balh  composed  of  1  part  of  cyanide  of  gold,  10  parts  of  potas-" 
amn  cyanide,  and  10(1  [mrta  of  wattr.     A  phiie  of  gold  plunged 
into  the  same  bath  cDUHtilulea  the  positive  pole.     When  the 
oUfKUt  passes,  the  objeila  heeome  covered  with  a  uniform  and 
luUiereDt  uoatlug  of  gold.     As  the  meud  hi  precipitated  fruoi' 
the  eiuiutiuu,  it  ia  replaced  hy  an  equivalent  (fuuntity  from 
which  onuHtilutisi  the  [losilivti  pule,  and  which  dissolves. 
both  thus  retains  a  constant  composition.     The  same  procenl 
In  oppliciihle  to  ctcctro-eilverinft. 

Atsayin^f  of  Gold  AUoyi. — Hold  is  assayed  by  cupellation. 
Tbe  alloy  is  lirst  molted  with  HJlver,  so  tliat  the  quantity  of  the 
lattttr  metal  protient  may  be  at  least  triple  that  of  the  gold. 
This  alloy  is  submitted  to  (-upullatiim,  un  opcmtion  wnioh 
preaentg  no  difficulty,  for  gold  rich  in  silver  doea  not  »pit. 
TIic  button  is  hammered  out  tii  n  thin  sheet,  reheated  and 
furmud  into  a  little  cornet,  whicli  is  introduFcd  into  a  small 
flask  and  Iicnted  with  nitrie  acid  of  'i'l"^  Bnumd,  AfWr  several 
minutes'  Imiling  the  greater  part  ni  the  silver  is  dissolved ;  the 
'd  is  tlion  decanted  and  rejdaeed  by  more  concentrated  nilrio 
All  of  tbe  silver  dissolves  and  tbe  gold  remains  in  the 
>f  a  bat  slightly  coherent  comet.  It  is  washed,  heated  to 
e  in  a  ornciblo  to  give  it  cohereuce,  and  finally  weighed. 

THALLIUM. 


the 

"■i I 

IruiiL^^^I 
th«|^^H 


B  spectroeoopic  green   line  ^ven  by  this  metal 
'  '  y  William  Creokes,  who  regarded  it  aa  char 
element.    The  honor  of  having  isolated  the  latter  and 
g  ilA  Irua  duRuiler  belongs  to  Lamy. 
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Thallium  is  a  heavy  metal  which  resembles  lead  in  certain 
of  its  properties.  It  melts  at  200°;  its  density  is  11.9.  It 
forms  an  oxide,  TPO;  a  crystallizable  hydrate,  TIOH,  wbicb 
\A  .soluble  in  water  and  also  caustic ;  a  monochloride,  TlCl  and 
a  mcmiodide,  TIL  These  compounds  relate  it  to  the  alkaline 
metals,  but  others,  which  include  an  oxide,  TIH)*,  and  a  trichK)- 
ride,  TICP,  separate  it  from  that  class.  Its  principal  com- 
pounds have  been  studied  by  Lamy  and  Willm. 


BISMUTH. 

Bi  =  210 

Extraction. — This  metal  is  found  native  in  a  quartzy  gangne. 
It  is  extracted  by  simply  heating  the  mineral  in  cast  or  sheet 
iron  tubes,  which  are  arranged  in  an  inclined  position  in  a  fur- 
nace. The  bismuth  melts  and  runs  out  at  an  opening  in  the 
lowtT  end  of  the  tubes. 

The  bismuth  of  ct)mmerce  is  never  pure  ;  it  cimtains  traces 
(»f  (»ther  metals,  nearly  always  of  arsenic  and  sometimes  of 
sulphur.  It  is  purified  by  pulverizing  it,  mixing  it  with  ^ 
its  wi'iiz;ht  of  potassium  nitrate,  and  heating  the  mixture  to 
redin'ss  in  a  clay  crucible.  The  foreign  metals  more  oxiditt- 
ble  than  the  bismuth  are  thus  converted  into  oxides,  the  ar- 
senic into  arsenate  of  pot^issium,  and  the  sulphur  into  potassium 
sulphate.  This  treatment  may  be  repeated  a  second  time  if 
necessary. 

Properties. — Bismuth  is  a  whitish-gray  metal,  having  a  yel- 
low lustre.  Its  fracture  Ls  crystalline  and  laminated.  It8  den- 
sity is  U.s:j,  and  it  nitwits  at  204°.  On  cooling,  it  crystalliws 
in  rhonibohedra,  of  which  the  surfaces  become  covered  with* 
thin  film  of  oxide,  causing  a  beautiful  iridescent  play  of  colors 
like  that  on  a  soap-bubble. 

Hisiiiuth  increases  in  volume  on  solidifying.  It  volatilizes  at 
a  white  heat,  it  is  unaltered  by  the  air  at  ordinary  tempera- 
tures, l)ut  at  a  re<l  heat  it  absorbs  oxygen  and  bums,  forming 
bismuth  oxide.  Its  best  solvent  is  nitric  acid,  which  converts 
it  into  nitrate. 

The  various  compounds  of  bismuth  present  great  analogy  to 
those  ol'  antimony,  next  to  which  this  metal  might  be  placed 
in  tlu>  group  including  nitrogen,  phosphorus,  arsenic,  antimonyi 
and  bismuth. 
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This  analogy  is  shown  in  the  following  synoptic  table : 
BiCT  SbCP 

Btamnth  trichloride.  Antimony  trichloride. 

Btamnth  trioxide.  Antimony  triozide. 

BiH)*  Sb'O 

nsmnthic  anhydride.  Antimonic  anhydride. 

Bi'O  Sb*0* 

Biannth  bitmnthate.  Antimony  antimonate. 

Bi*S*  Sb»S» 

Bismuth  triralphide.  Antimony  trisolphide. 

Otherwiiie,  bismuth  is  related  to  the  metals  proper,  not  only 
bj  it«  properties,  but  by  the  facility  with  which  it  fomiH  defi- 
nite salts.  It  is  triatomic  in  its  more  important  combinations, 
the  oxide,  chloride,  and  nitrate. 


BISMUTH    TRIOXIDE. 

This  body  is  obtained  by  decomposing  the  nitrate  by  heat. 
It  is  a  straw-yellow  powder,  fusible  at  a  red  heat,  and  yielding 
on  cooling  a  dark-yellow,  vitreous  mass.  It  attacks  clay  cruci- 
bles even  more  rapidly  than  litharge. 

A  hydrated  oxide  of  bismuth  is  formed  when  the  nitrate  or 
snbnitrate  is  treated  with  potassium  hydrate  or  ammonia.  It 
IS  a  white  powder,  insoluble  in  an  excess  of  alkali,  and  when 
boiled  with  potassa,  is  converted  into  the  crystalline  anhydrous 
oxide. 

BISMUTH    TRICHLORIDE. 
BiCl» 

Finely-divided  bismuth  will  burn  in  chlorine,  being  con- 
certed into  chloride.  The  latter  is  prepared  by  directing  a 
^•urrent  of  chlorine  upon  melted  bismuth  contained  in  a  retort. 
The  chloride  distils  and  solidifies  in  the  receiver  to  a  fusible, 
wystalline,  and  deliquescent  mass,  formerly  known  as  butter 
of  bismuth.  A  crystallized,  hydrated  chloride  of  bismuth  may 
*l«o  be  obtained  by  evaporating  a  solution  of  bismuth  in  nitro- 
%drochIoric  acid. 

Bismuth  chloride  dissolves  in  water  charged  with  hydro- 
chloric acid,  but  is  decomposed  when  treated  with  pure  water ; 
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in  the  latter  ease  an  ozjchloiide  is  fonned  and  predpitated  as 
a  fine,  white  powder,  hydrochloric  acid  heing  at  the  same  tiine 
fonned. 

2BiCP  +  2H«0  =  2BiOa  +  4HC1 

Bismuth  oxychloride  is  known  as  pearl-white.  It  coDtUDS 
BiOCl. 

BISMUTH   NITRATE. 

Bi(NO»)» 

Bismuth  dissolves  readily  in  nitric  acid,  and  the  concentrated 
solution  deposits  large,  four-sided  prisms,  which  are  colorless 
and  deliquescent.  They  contain  Bi(NO')»  +  3H*0.  They 
are  very  soluble  in  water  acidulated  with  nitric  acid,  but  if  this 
solution  be  poured  into  a  large  excess  of  water,  a  pulverulent, 
white  precipitate  is  formed,  and  increases  in  volume  if  veiy 
dilute  ammonia  be  gradually  added  to  the  liquid  in  order  to 
partly  neutralize  the  free  acid. 

This  precipitate  is  much  employed  in  medicine  under  the 
name  uf  subnitrate  of  bismuth.  Its  composition  is  gcDerallj 
expressed  by  the  formula  BiNO*  +  H'O  =  (BiO/N0'  + 

ir^o. 

It  may  be  regarded  as  bismuthyl  nitrate,  that  is,  nitric 
acid,  IINCF,  in  which  the  monobasic  atom  of  hydrogen  is  re- 
placed ])y  the  monatomic  group  BiO.  Or  it  may  be  considered 
as  a  derivative  of  orthonitric  acid,  H^NO*,  corresponding  to 
orthophosphoric  acid,  H'PO*  (page  191). 

Boiling  wat<T  removes  still  more  nitric  acid  from  this  sub- 
nitrate,  leaving  a  residue,  which  is  used  as  a  cosmetic,  known  tf 
bfauc  (1c  fard. 

Characters  of  Solutions  of  Bismuth. — When  mixed  with 
I  large  (juantity  (»f  water,  bismuth  solutions  give  white  pre- 
cipitates of  sub-salts.  Hydrogen  sulphide,  and  the  soluble 
sulphides  form  a  brown  precipitate  of  bismuth  sulphide,  insolu- 
ble in  an  (excess  of  ammonium  sulphide.  The  alkaline  hydrates 
and  carbonates  give  white  precipitates,  insoluble  in  an  excess 
of  the  reagent. 

Bismuth  solutit>ns  are  not  precipitated  by  either  sulphuric 
or  hydrochloric  acid. 

When  heati?d  with  sodium  carbonate  in  the  reducing  flame  of 
the  blow-pipe,  compounds  of  bismuth  yield  a  metallic  globule, 
very  brittle  after  cooling. 
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The  following  elements,  from  alaminiam  to  manganese,  are 
tetntomio  in  a  series  of  compounds  in  which  two  atoms  com- 
bined together  form  a  hexatomio  couple  (R-R)^,  as  has  been 
indicated  on  page  283.  The  chlorides  of  thb  series  conse- 
quently present  the  general  formula  R'Cl*,  while  the  oxides  are 
tepresented  by  R'Cr.  Iq  addition,  iron,  nicicel,  cobalt,  and 
manganese  form  series  of  compounds  in  which  the  metal  appears 
to  be  diatomic ;  as  types  of  these  compounds  we  may  consider 
ferrous  oxide,  FeO,  and  ferrous  sulphate,  FeSO^.  The  oxides 
of  thb  latter  class  are  strongly  basic ;  the  sesquioxides  are 
iho  basic,  but  in  the  presence  of  more  energetic  bases  may  act 
is  weak  acids.  Iron  and  manganese  also  form  oxides  of  the  com- 
pontion  FeO*  and  MnO*,  which  act  as  the  anhydrides  of  acids. 


ALITMINIXTM. 

Al  ^  27  5 

This  metal  lon^  remained  a  chemical  curiosity,  and  has  only 
become  common  within  a  few  years.  It  was  discovered  in 
1827  by  Wiihler,  and  in  1854,  H.  Saint-Claire  Deville  succeeded 
io  producin*^;  it  on  the  large  scale.  It  is  obtained  by  decom- 
posing aluminium  and  sodium  double  chloride  by  sodium. 

Al^Cl*,2XaCl  +  3Na«  =  8NaCl  +  AP 

A  mixture  of  sodium,  aluminium,  and  sodium  double  chloride 
•nd  cryolite  is  projected  into  a  reverberatory  furnace  heated  to 
bright  redness.  The  cryolite  acts  as  a  flux :  it  is  a  double 
Booride  of  sodium  and  aluminium,  found  native  in  Greenland. 

Many  attempts  have  been  made  to  produce  aluminium  cheap- 
ly, and  Cowles  Bros,  of  Lockport,  N.  Y.,  have  introduced  a  re- 
markable process  which,  while  it  has  not  yet  been  successful  in 
inroducing  the  pure  metal,  enables  the  very  cheap  manufacture 
of  aluminium  bronze,  a  valuable  alloy  of  aluminium  and  copper^ 
'eaembling  gold.  Corundum  is  decomposed  by  a  powerful  elec- 
trical current  in  presence  of  carbon  and  copper  in  a  narrow  rect- 
^gular  furnace:  carbon  monoxide  escapes,  while  the  aluminium 
^lojs  with  the  copper.  In  this  electrical  furnace  silica  and  the 
oxides  of  calcium,  strontium,  etc.  are  reduced  with  great  ease. 

Aluminium  is  a  white  metal,  and  has  a  somewhat  bluish 
lostre  when  polished.  It  is  ductile,  malleable,  very  sonorous, 
JUid  a  good  conductor  of  heat  and  electricity.  It  is  as  light  as 
gW  and  porcel^n,  its  density  being  only  2.56. 


1 

I 
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Aluminium  is  unaltered  by  the  air,  even  by  moist  air.  Wboi 
bcatcd  in  thin  sheets}  in  a  current  of  oxygen,  it  bums  and  is 
converted  into  alumina.  Nitric  and  sidphuric  acids  scarcelj 
attack  it.  Hydrochloric  acid  dissolves  it  rapidly,  disengaging 
hydrogen.  It  is  immediately  attacked  by  boiling  solutiunsof 
potassium  or  sodium  hydrates;  hydrogen  is  disengaged  and 
alkaline  aluminates  are  formed. 


ALUMINIUM   OXIDE,  OR  ALUMINA. 

A1H)» 

Corundum^  a  very  hard  precious  8t<)ne,  consists  of  anhydrous 
alumina.  It  Is  named  orietUdl  ruby  when  it  has  a  red  color; 
supp/iire  when  it  Ls  blue,  and  oriental  topaz  when  it  ha*  a 
yellow  tint.  Emery  is  a  sort,  of  opaque  corundum ;  it  is  gran- 
ular and  colored  by  a  small  (juantity  of  oxide  of  iron. 

When  ammonium  carbonate  is  added  to  a  solution  of  alum, 
carl)on  dioxide  is  evolved,  and  a  gelatinous  precipitate  of  hy- 
dratcd  alumina  is  formed. 

Till'  precipitate  dissolves  readily  in  caustic  p<»ta88a.  ^^^ 
heated,  it  loses  wat^T  and  is  converted  into  anhydrous  alumina; 
the  latter  is  undecomposable  by  heat ;  it  fuses  only  in  the  flame 
of  the  oxyliydr(»«j:en  })low-pipe.  Gaudin  has  succeeded  in  pr')- 
dueinjj:  tine  precious  stones  that  cannot  be  cut  by  the  file,  ana 
at  least  as  hard  as  roek-erystal,  by  melting  Limoge  emerald 
(anliydrous  alumina)  with  various  substances,  such  as  sand, 
kaolin,  tale,  and  lime,  which  are  added  as  fluxes. 

Alumina  cannot  be  reduced  by  charcoal  at  the  highest  tem- 
peratures ;  it  can  only  be  reduced  by  the  joint  action  of  char- 
coal and  chlc»rine  ;  aluminium  chloride  is  then  formed. 


ALUMINIUM   CHLORIDE. 

A1«C1« 

When  a  current  of  chlorine  is  piu<wed  over  an  incandesee** 
mixture  of  alumina  and  charcoal,  aluminium  chloride  ai* 
carbon  monoxide  are  formed  (Oersted). 

AFO'  +  ac  ^-  Cl«  ^  SCO  +  A1»OT 

Aluminium  ehloridt*  thus  formed  is  a  white,  crystalline  siJ*^ 
stance,  sometimes  having  a  light-yellow  color.    It  is  fusible,  aP^ 


ALCMINIl'M   Sir 

itJIiies  in  tlie  air  nt  a  t«mpenitiu«  little  nbovi^  1 1)0°. 

wud  tu  ttie  air  it  gives  off  white  fuinus  itnd  attntctj 

It  ilittsoWcB  ID  water  with  prcduction  of  heat. 

k  sulntion  of  aluminium  chluride  may  bo  obtained  by  dh- 

;  gel&tiDoua  alumina  in  Uydrochloric  acid.     Wlien  thin 

ID  b  evaporated,  it  decomposes  as  soon  as  it  ultuiiiB  u 

Q  degree  of  uoDccDtratioD,  disengaging  hydroeliluriu  add, 

I  loving  alumina. 

"nium  chloride  re^idily  combmea  with  sodium  eliliiride, 
a  double  chloride,  Al'Cl*.2NuCI,  fuidble  towards  200". 


ALUMINIUM   SULPHATE. 


AI'(SO<)'  +  18II'0 

Thin  \b  ohtuined  lu  the  arts  \iy  dcenmrnising  non -ferruginous 

days  with  sulphuric  acid.      It  cryxtalUzeit  with  difficulty  in 

oeedltts  und  in  ttiin,  pearly  scales.     In  this  state  it  contains  1^ 

water  of  crystallization.     It  dissolves  in  2  parts 

d  water.     When  heated,  il-  first  loses  its  water,  and  at  a 

r  temperature  it  gives  off  sulphuric  anhydride,  leaving  u 

0  of  alumina. 

AI^SO*)"  =  3S0"  +  Al'O" 
Q  that  dliiminium  Eulfihate  represents  3  molecules 
■tlphnric  add,  in  which  ihu  li  atoms  of  hydrogen  luive  been, 
i  by  the  hcxotumic  couple  Al'. 
H'SO'^  (HO* 

HISO"  [  +  Al'O*  =  SH'O  4  CAI')"  ' 


I^^J 


H'SO'i 


<80' 


J.UMINIUM    AND    POTASSIUM    DOUBLK    SUt? 

PHATE,  Oli  ALUM. 

A1"(SO'|".K'SO*  +  2-tHH> 

solution  ut  aluniiniiini  cnlphuti-  be  addt-d 
I  con  cent  rat  <!il  solution  of  polnssiuni  Bulphiiti;.  and  the  mix- 
rod,  u  crystalline  depitsil  soon  Conns 
'  »uble  sutplinte 


i 


Btirri>d  with  a 
I  th«  union  of  the  two  salts  to  form  i 
Ich  is  alum. 

1  will  is  not  very  soluble  in  cold  water,  but  dissolves 
r  In  bttiling  wal«r,  and  is  deposited  on  cooling  in 
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volaminoiu,  transparent  ootahedia.  When  lieated,  thoe  ci]fi- 
tals  melt  in  their  water  of  erystaUiiation  (24  mdeeoks),  nd 
in  losing  this  water,  the  melted  mass  sweUs  np  considmklj. 
Alum  may  be  obtained  crystalliied  in  cnbes,  and  it  is  prepund 
in  this  form  in  the  neighborhood  of  Civita-Veoohia  bj  winidDg 
a  mineral  which  contains  the  elements  of  alum  with  a  luge 
excess  of  alumina.  The  mineral  is  known  as  ahanimiej  and  tae 
cubical  alum  is  called  Raman  alum. 

This  cubical  variety  may  be  prepared  in  the  labontoiy  \j 
adding  a  small  quantity  of  potassium  carbonate  to  a  hot  aoh- 
tion  of  ordinary  alum,  so  that  the  precipitate  first  formed  will 
be  redissolyed  on  agitating  the  liq|uid.  On  cooling,  cabial 
crystals  are  deposited  which  are  ordmarily  opaqae.  These  ire 
formed  under  the  influence  of  a  small  quantity  of  basks  nl- 
phate  (aluminium  sulphate  combined  with  an  ezoess  of  ah- 
mina)  contained  in  the  liquid,  and  which  probably  enten  into 
the  constitution  of  the  crystals.  With  this  slight  difieniioe, 
octahedral  alum  and  cubical  alum  present  the  same  oompos- 
tion,  which  is  expressed  by  the  formula  A1*(SO*)'.K'SO*  + 
24H»0. 

Ammonia  alum  is  obtained  by  adding  ammonium  sulphite 
to  solution  of  aluminium  sulphate.  It  possesses  a  constitadoo 
analogous  to  that  of  ordinary  alum,  with  which  it  is  iaomor- 
phous.     It  contains 

AP(SO*/.(NH*)*SO*  +  24HK) 

It  is  oflen  substituted  in  the  arts  for  potassium  alum,  bring 
cheaper  than  the  latter. 

Wiion  strongly  calcined,  it  leaves  a  residue  of  pure  alamiD>> 

Other  alums  are  known  in  which  iron,  manganese,  and  chro- 
mium play  the  part  taken  by  aluminium  in  ordinary  aloD- 
These  alums  are  all  immorphom  (Mitscherlich).  By  the  W- 
tion  of  sulphuric  acid  on  the  sesquioxides  of  the  above  metibi 
sulphates  are  formed  analogous  to  aluminium  sulphate,  and  of 
which  the  composition  is  expressed  by  the  general  formula 
(R»)''(SO*)\  With  the  sulphates  M«SO*,  they  form  alums,  lU 
of  which  crystallize  in  regular  octahedra,  and  which  can  be 
mixed  in  one  and  the  same  crystal  without  the  form  of  die 
latter  being  affected  by  the  mixture. 

The  following  are  the  most  important  of  these  compoonds: 

Manganese  alum  ....     Mn«(SO*)S.K«S<)*  +  24H«0 

Iron  alum Fe«(80*)».K«S0*  +  24H«0 

Chromium  alum    ....    Cr>(S0«;S.K*S0«  +  24HK) 
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It  18  seen  that  each  of  these  presents  an  atomic  composition 
similar  to  that  of  ordinary  alum. 


The  aluminium  compounds  are  widely  disseminated  in  nature. 
Feldspar  is  a  double  sUicate  of  aluminium  and  potassium.  The 
latter  metal  is  replaced  by  sodium  in  aUnte,  and  by  calcium  in 
labradorUe, 

Many  other  minerals  contain  aluminium  silicate  combined 
with  alkaline  or  earthy  silicates :  such  are  granite,  idiocrase, 
ndea^  etc.  The  zeolites  are  silicates  of  aluminium  containing 
water  of  crystallization. 

Clay  is  a  hydrated  silicate  of  aluminium ;  it  results  from  the 
disintegration  of  feldspar  by  the  action  of  water  and  air,  the 
alkaline  silicate  being  gradually  dissolved  and  eliminated.  The 
purest  clay  is  kaolin,  or  porcelain  clay ;  it  contains  alumina, 
silica,  and  water  in  the  proportions  indicated  by  the  formula 
28i(y,Al»0»,2H'0. 

Plastic  days  are  those  which  form  a  binding  paste  when 
mixed  with  water,  and  acquire  great  hardness  after  being 
baked,  without  fusing.  They  are  used  for  the  manufacture  of 
pottery,  refractory  fire-bricks,  and  crucibles.  Fuller  »  earth  is 
a  clay  which  forms  with  water  a  paste  that  is  but  slightly  adhe- 
rent ;  it  is  employed  in  scouring  and  fulling  cloth. 

Marls  are  intimate  mixtures  of  clay  and  chalk ;  they  are 
employed  in  agriculture. 

Pottery. — Clay  is  the  basis  of  all  pottery.  Other  matters, 
such  as  sand,  powdered  feldspar  or  quartz,  etc.,  are  generally 
added,  for  while  they  diminish  the  plasticity  of  the  clay,  they 
also  diminish  its  shrinkage  on  baking.  Pottery  is  classified  as 
semivitrified  pottery,  such  as  porcelain  and  stoneware ;  porous 
pottery,  such  as  faience  and  bisque ;  and  cuuimon  pottery  or 
terra-cotta. 

Porcelains. — These  are  manufactured  from  kaolin,  to  which 
Sand  is  added  to  prevent  shrinkage,  and  feldspar,  which  causes 
the  ware  to  undergo  a  partial  fusion,  and  renders  it  translucent. 
These  materials  are  finely  pulverized,  mixed  with  water,  and 
the  paste  is  kneaded  for  a  long  time  in  order  to  render  it  homo- 
geneous. Pieces  fashioned  in  this  paste  are  submitted  to  a  pre- 
liminary baking,  which  gives  them  a  c(;rtain  degree  of  coherence. 
The  porous  porcelain  thus  obtained  must  be  coated  with  a  var- 
nish which  will  melt  and  spread  upon  its  surface :  this  glaze  is 
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fonned  of  a  mixture  of  qiiarti  and  kaolin  ledooed  to  an  m^ 
pable  powder ;  the  latter  is  suapended  in  water,  into  whididie 
pieces  are  dipped.  They  are  then  subjected  to  a  second  btldng 
in  ovens  where  the  temperature  is  si^dently  devated  to  five 
the  glase  and  partially  ^tr^  the  paste. 

Ceramic  Stomwares. — ^These  are  manufiustnred  ftom  die 
same  materials  as  porcelain,  but  lea  pure ;  they  are  tkeiefiin 
slightly  colored.  They  are  baked  at  a  high  temperature,  aad 
are  glazed  by  throwing  common  salt  upon  the  incandeeeeid 
objects  in  the  furnace ;  hydrochloric  add  is  disengaced,  and  i 
double  silicate  of  aluminium  and  sodium  is  formed,  wluek  fbiee 
and  spreads  upon  the  surface  of  the  ware. 

Faiences  are  made  from  plastic  day  mixed  with  muili  re- 
duced to  an  impalpable  powder.  Articles  formed  of  this  piite 
are  submitted  to  a  preliminary  baking,  and  are  then  coated  wA 
a  fusible  glaze,  composed  of  quarti,  potassium  carbooate,  and 
oxide  of  lead.  A  second  baking  causes  the  pieces  to  become 
covered  with  an  impermeable,  vitreous  layer  of  silicate  of  leid 
and  potassium.  This  glaze  is  transparent ;  for  ordinary  ware 
it  is  rendered  opaque  by  the  addition  of  oxide  of  tin.  It  is 
a  true  enamel. 

Common  pottery^  which  serves  for  culinary  purposes,  is mide 
from  fomiginous  clay,  mixed  with  sand  and  marl.  The  ^tfog 
is  couiposed  of  a  double  silicate  of  aluminium  and  lead. 


LANTHANUM,  DIDYMIUM,  AND 

CERIUM. 

These  three  rare  metals  are  fonud  associated  as  sQieates  n 
the  minerals  ceritey  euxentte,  ffadolinite,  etc.     Their  sepanttie 
is  a  matter  of  some  difficulty.     The  mineral  is  treated  with  eol- 
phurio  acid,  by  the  aid  of  heat,  and  the  solution  obtaiued  dtor 
filtering  from  the  separated  silica,  is  precipitated  by  ammooiaD 
oxalate.     A  mixture  of  the  three  oxides  is  obtained  when  the 
oxalates  are  calcined,  and  from  this  mixture  very  dilute  nitn^ 
acid  dissolves  only  the  cerium.    The  didymium  and  lanthaaaiB 
in  the  residue  may  be  separated  by  taking  advantage  of  tbe 
action  of  heat  on  solutions  of  the  sulphates.     The  latter  ai* 
quite  soluble  in  cold  water,  but  lanthanum  sulphate  is  depoflted 
when  the  solution  is  heated  to  30°,  while  the  didymium  aol' 
phate  remains  in  solution. 
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The  metak  have  beeo  isolated  by  deoomposing  their  chlorides 
by  electricity. 

They  possess  about  the  hardness  of  lead,  and  a  color  and  lustre 
resembliog  iron :  didymium  is  rather  more  yellow.  Their  den- 
sity is  comprised  between  6.05,  that  of  lanthanum,  and  6.7,  of 
cerium.  They  are  readily  ozidiied,  and  bum  brilliantly  when 
heated  in  the  air. 

They  appear  to  be  tetratomic,  combining  in  hexatomic  couples, 
like  aluminium  and  iron.  Their  oxides  are  strongly  basic,  per- 
fectly neutralising  the  acids  and  forming  crystallizable  salts. 
lanthanum  oxide  has  the  composition  La'CP.  Didymium  forms 
two  oxides,  Di'O',  and  another  to  which  has  been  assigned 
the  formula  DiH)*.  Cerium  has  two  oxides,  Ce^O*  and  CeO*, 
and  forms  two  corresponding  series  of  salts.  The  chlorides  of 
the  metals  have  the  general  composition  R*C1*.  The  oeric 
nits  are  white  or  yellowish.  Didymium  salts  are  rose-colored 
or  rose-yiolet.     The  other  salts  are  colorless. 


GALLIUM. 

Ga  ==  69.9. 

In  1869,  Mendelejeff  predicted  the  existence  of  an  unknown 
metal  whose  chemical  relations  should  resemble  those  of  alumin- 
ium, and  whose  atomic  weight  should  be  about  70.  In  1876, 
lecoq  de  Boisbaudran,  while  pursuing  spectroscopic  investiga- 
tions, and  in  a  line  of  research  very  different  from  that  of  Men- 
<lelejcff,  discovered  the  missing  element  in  a  zinc  blende.  Since 
^hen  it  has  been  found  in  small  quantity  in  many  blendes :  one 
of  the  richest,  found  in  Westphalia,  contains  only  one  sixty- 
thoosandth  of  its  weight. 

In  order  to  extract  the  gallium,  the  ore  is  roasted,  and  the 
product  dissolved  in  sulphuric  acid.  An  acid  li(|U(>r  is  thus 
obtained,  containing  principally  sulphate  of  zinc,  with  sulphates 
of  iron,  aluminium,  indium,  etc.,  and  a  trace  of  gallium  sul- 
phate. 

The  following  reactions  are  employed  by  Lecoq  de  Bois- 
baudran and  Jungfleisch  for  the  separation  of  the  gallium : 

1.  When  the  liquid  is  neutralized,  the  ferric  oxide,  alumina, 
Mid  gallium  oxide,  which  is  a  sesquioxide,  are  precipitated. 
'Rie  precipitate  is  redissolved  in  sulphuric  acid,  and  the  same 
operation  repeated  after  converting  the  ferric  oxide  into  ferrous 
oxide,  which  remains  dissolved  in  the  neutral  li(juid.  By  this 
Dieans  the  greater  part  of  the  iron  is  removed. 
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2.  Oalliam  oxide  dissolyes,  like  alumina  and  lino  oxide,  in 
an  excess  of  potassium  hydrate ;  when  this  solution  is  satuntod 
with  hydrogen  sulphide,  the  zinc  is  precipitated  as  sulphide, 
while  the  ^lium  and  aluminium  remain  in  solution.  The 
greater  part  of  the  zinc  Ls  thus  separated. 

8.  When  water  is  added  to  a  boiling  solution  of  galliam 
sulphate,  the  latter  is  precipitated  as  subsulphate,  while  alnmi- 
niuui  sulphate  remains  in  solution. 

4.  (^allium  oxide  dissolves  in  an  excess  of  ammonia;  alumina 
does  not. 

5.  Gallium  separates  in  the  metallic  state  when  a  Toltaic 
current  is  passed  through  an  alkaline  solution  of  gallium  oxide. 

Phyaical  Properties. — Gallium  has  a  metallic  lustre  reoJIii^ 
that  of  nickel.  It  readily  crystallizes  in  forms  derived  from  • 
ri<rht  rhombic  octahedron,  generally  in  magnificent  lamins.  Its 
density  Is  5.90.  It  melts  at  29.5°,  and  has  a  tendency  to  re- 
main in  a  state  of  suporfusion.     It  is  not  volatile. 

This  collection  of  ]>roperties  gives  to  gallium  a  special  jJtce 
among  the  metals.  It  is  one  of  the  most  remarkable  of  recent 
disco  Veritas. 

Chemical  Properties. — These  are  but  little  known  at  present 
(ialliiiin  is  oxidized  but  little,  if  at  all,  when  heated  in  the  air 
or  in  oxy^^cn.  It  forms  a  sosquioxide,  Ga'O*,  which  resembles 
ahnnina  in  that  it  tornis  alums.  Gallium  alum  was  obtained 
by  Jj(^co(|  dc  Koisbaudran. 

Gallium  combines  directly  with  chlorine,  forming  a  solid, 
crystalline,  and  very  volatile  chloride. 

RARE   ELEMENTS.— GERMANIUM. 

In  171^4,  (ladolin.  a  Finn,  discovered  in  the  mineral  ^<|^ 
Unite,  which  bears  his  name,  an  oxide,  which  he  named  yttria. 
In  184! J,  Mosander  concluded  from  researches  on  this  earth 
that  it  contained  at  least  three  oxides,  the  metallic  radicals  of 
which  were  introduced  into  the  list  of  elements  under  the 
names  ( rlrinm^  terbium,  and  ytterbium  or  yttrium. 

Until  recently  little  was  known  concerning  these  oxides. hut 
the  investigations  of  (^rookes,  Delafontaine.  Lawrence  Smith, 
Marignac,  Cleve,  and  Nilson  have  shown  that  the  earths 
formerly  known  as  erbine  and  yttria  are  much  more  complex 
than  was  supposed.  The  oxides  of  at  least  six  metals  have 
been  isolated,  and  it  is  possible  that  the  series  may  be  com- 
pleted by  the  separation  of  others. 


These  elements  exiBt  in  ffatto/inite,  nurfnite,  orthite,  ihin 
and  pnrticularly  hi  ihe  minart/nle  of  North  Carolina,  in  n ' 
they  oMur  ve  niobaica  and  tiinUlules.  Their  c^uantitj  it 
BuwlK  niid  the  ecpnrution  of  thuir  oz[<lei  is  attended  bj  8 
^jvat  diflii-iiliy,  ihiit  the  elements  buve  not  yet  been  isolattt' 
Their  oxides,  and  in  eonie  cusea  it  number  of  sniu,  have  1 
ezsRiiD<;d,  und  Epoctroscupic  unulysia  hiiM  aided  in  betting  oaijj 
alt  doubt  as  to  the  existence  of  the  elements. 

The  following  Htnmit^  weights  of  these  elements  s 
kted  (o  agree  with  the  tbnnuU  R'C  lor  the  oxides: 

■eandiam,  Jli<j«Tnr?i|  bit  Nilwn  ami  Ktudiwl  ii^  Clrvo.  bn* 
■sighl  uf  U  -r  ib :  tks  uiiilo  i>  MbUc.  The  eilttenun  at  iuh 
prcdiclnl  bjr  HendalqelT  under  the  nninc  fikiiboron. 

hmariam." Atomic  weight—  1^0,     Thia  sleiBml  was  unmeil  b;  L«wi 
dt  BoUb*n<lnn.  and  appor*  to  b«  idsntieal  wUb  litrlpiam,  «f  wbirb  Dell' 


tbp  axi(t«DM  Id 

1878:  iu. 

Holmtiun.— Aion 

ia  oeight  nbuiil 

lltZ  (Cltit. 

Itbiom.— Atomic 

.«eht-l«B; 

rormJi  0  1 

Thnlinm.— Atomifl  waighl=-  170.4:  a.  while  usido. 
TttriBin.-Alamle  tteigbt  -  S9.B. 
TlMrbinm.— Aipiiil«  ■'•ighi  -^  KI.B. 

GemtaniQin. — Cle  -  12.^.     MenJe1uj»ri  brpolheais  biu  reofiTed  ttUl'l 
tirtiifT  lutipi.rl  Id  the  dlmKiFerji  nod  isitlation  ot  Ibe  elenient  germsniuia 
brWitHbler,  In  18SB.    It  furnn  abaiitiis  peroeBl.  of  ibe  iilver  orflMgyrD- 
dktt.  tound  u  Freiburg.    It  Iim  a  dentit;  at  5.47,  ii  nbile  niih  a  metallic 
It  al>out  HOD".    It  ii  letnklomio,  and  rwemblw  lillcnn  in 

■giul  relatioiii :    it  waa  [iredicled    b;  UeudBl^ieff   under  tbi 


IRON. 

Fc(Ferriiiii)  =  o« 
Hatoral  State  and  Hetallnrgy.— Iron  is  the  mo 
'A'lt  of  [III.'  iiit'talv.  IiH  |>ri.<iiiiratiua  and  working  Art-  difiieiild 
Ihprejuri-'  it  was  nut  \\w  fimt  uit-tal  used  by  civilisinj  man.  T 
l'^>nw  aj-i-  preii'ded  the  iron  itfre.  and  those  who  first  eiuplo] 
*Ke  latter  luelal  [inibubly  estmi'tfd  it  from  the  niHKm»  whid 
f»U  fniui  lime  to  lime  npon  the  ffurfneu  of  the  t'lirth,  and  af 
•mdwn  HB  melvorittfit.  Their  principal  fonstituent  \s  metaHiD 
'roii,  wliidi  ifl  nllojfd  with  nicKol,  eobalt.  and  clirouiium. 

Iron  ifl  i>nipIoyi:d  in  three  jirincipol  forma :  soft  or  iiialleabte 

'mil,  c&Ht  iron,  and  steel.     BoH  iron  is  almost  pure  iron  ;  cast 

Hon  is  tk  <»mbinatian  of  iron  with  earbon  and  silicon;  : 

liao  contains  curbon,  but  in  Buiall(^r  proportion  than  cast  irobi 

The  principal  ores  of  iron  nro  the  luHgnetic,  or  black  oxi " 
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Fe^O*,  red  hematite,  Fe'O",  and  xpathic  iron  or  feiroiu  cuW 
ate,  FeCO*.  The  various  hydrates  of  the  sesquioxide  {mlitk 
iron,  brown,  fifvtaiite,  etc.)  and  ftaniua  carbonate  mUwiiritli 
clay  (^bog-irun  ore),  are  more  abundant  than  the  prcoediug,  but 
are  Dot  oa  rich  and  are  less  valuable. 

All  of  these  minerals  ore  osidixcd.  If  the  ore  cnntaio  nl- 
phur,  that  clement  is  first  driven  out  by  roasting.  The  lueu^ 
lur^  of  iron  then  eonitists  in  reducing  the  oxide  with  oarbon, 
and  separating  the  redueed  iron  from  the  earthy  matter,  nbttl] 
is  generally  siliinous.  Two  methods  are  employed  for  ibi 
purpose.  The  first  cotutists  in  heating  the  ricli  ori^  nitb 
ehareoal  alone  ;  part  of  the  oxide  of  iron  then  eombines  with 
the  gangue  furmmg  a  very  fusible  slug  (double  silicalv  u[ 
aluminium  and  inn)  This  is  the  Vatalan  mrthod.  Tbe 
other  (M.  nsisU  in  mixing  the  ore  with  coal  and  cddum  csffaoB- 
ate ;  the  gangue  then  coB- 
bines  with  the  lime,  fbnalBg 
a  double  silieate  of  line  M 
aluminium,  which  f\iMBil^ 
at  n  very  high  tempennn. 
Uudi.'r  these  coodiUoiU  flw 
iron  unites  with  a  paid*! 
of  the  carbon,  foriuiDg  «• 
iron.  This  ia  the  blat^frr- 
HOC*  method. 

Cutiil'm  .Ve/ha-l.—tiaiii 
only  applieable  to  veij  rUi 
ores  and  in  countries  wbtfv 
oombufltible^  are  vxpennw, 
as  in  Sniun,  the  Pmum 
andinCoreica. 

Fl<;.  116  repreMntsaiB^ 
'if  aCatAlun  fomaeeiil 
is  a  trough-shaped  mUMQ 
furnaue  with  a  hearth.  lb> 
materials  are  placed  in  (■* 
piles,  sidu  by  aide,  upon  a  layer  of  well-ignited  charcoal ;  one  pile 
conaialjt  of  charcoal  and  is  next  the  tuyfire ;  the  other  is  the 
ore,  equal  to  half  the  quantity  of  charcoal,  and  is  placed  upp* 
site.  The  combustion  is  sustained  by  the  blaflt  from  a  tnj^ 
D,  which  reaches  the  border  of  the  hearth.  The  eMbw 
dioxide  bore  formed  is  converted  into  carbon  monoxide  by  tl* 


■1)399  of  innuidiMiMint  uharuual,  and  the  latter  gas  reduces  the 
(iTP,  agiiin  paSMinji  intd  the  slate  of  dioxiiio.  Mctallitr  iron  is 
tlius  funiien,  uod  at  the  Haiue  time  u  p<irtii.in  of  the  f'errio 
oxJd«  in  rcdoeed  to  Ibrrous  oxide,  tuid  uombincH  with  the 
ganpie.  tbrmiDg  a  double,  alumino-ierrous  silicat«,  which  is  verj' 
lusible  and  eunstitateB  the  nhg.  The  reduced  iron  txiUecls  in 
the  boIUim  of  the  hearth  in  the  furm  of  a  epon^^y  nuuis,  which 
is  agglucinalcd  and  forged  undtT  the  hammer. 


Blaxf-fiirnaee  Procem. — All  irnn  ores  may  be  treated  by  this 
melhod.  They  are  cruthed  and  inlrudueed  with  ailernate 
l«yi^  of  liiucslune  and  coal  into  ihc  bias I-fu mace  (Fi^r.  117). 
Tbe  latter  \vaA  the  i'urm  of  two  eoncN,  the  buses  of  which  are 
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joined  U^ether.  It  is  closed  &t  the  bottom,  and  boturiin- 
ject«d  through  tuyeres  to  Bustain  the  combustion.  It  isopeait 
the  top,  nhcre  it  is  cuntinually  cbai^d  with  freeh  maUiiJls,  n 
the  incandetw/ent  mass  sinks  in  the  liimace  and  the  molten  nute- 
rials  uiu  drawD  off  b«luv.  Tlie  latt«r  first  collect  in  a  civil; 
plated  below  the  vent  of  the  tuyere,  and  separate  on  lU> 
h-!«rtb  iolo  metal,  which  sinks  to  the  bottom,  and  slag,  "hidi 
floats  and  flows  over  the  edge.  When  the  crucible  is  fijl  nf 
mtikun  metal,  the  latl«r  is  run  off  into  cbannels  made  in  stml 
upon  the  floor  of  the  casting-room.  In  these  rough  mnnldsii 
solidifies  in  bars  having  a  semicircular  section,  which  aiecallnt 

The  reactions  which  take  place  in  the  blasl-fiimaee  are  of 
great  intereet.  At  the  tower  part,  where  the  temperature  i» 
tbc  highest,  carbon  dioside  is  produced  by  the  combustion  of 
the  coal  -,  farther  up,  in  the  widest  portion,  this  gas  is  redtued 
to  earbon  monoside  by  the  ineandeeccnt  coal ;  still  ia^ba, 
where  the  lumace  begins  again  to  contract,  and  wbcre  tlie 
temperature  is  dull  red,  the  carbon  monoxide  redueee  the  oiido 
of  iron,  and  a,  spongy  mass  of  metallic  iron  is  there  funned. 

In  descending,  this  iron  unites  with  part  of  the  carboD,  JUxi 
at  the  same  time  the  silica  of  tbc  gungue  combines  with  tk 
lime,  forming  a.  silicate  which  fuses  and  constitut4«  the  sl^. 

A  small  (juantity  of  silica  is  reduced  in  the  huttest  put  of 
the  fiimace,  and  the  silicon  formed  combines  with  the  cast  inin. 

Cast  iron  iH  converted  intu  soft  iron  by  refiuing ;  this  open- 
tion  consists  in  removing  from  the  cast  iron  the  greater  p*" 
of  itfl  carbon.  For  thin  purpose  it  is  melted  in  contaa  witli 
the  air ;  the  carbon,  silicon,  and  a  smalt  proportion  of  iron  ^ 
oxidized,  forming  a  basic  silicate,  of  which  tlie  csccss  of  ojiJ* 
is  finally  reduced  by  the  carbon  of  the  caat  iron.  The  litttt 
thus  becomes  te«s  fiisible,  and  is  converted  into  a  spoti^  foitt 
of  soft  iron.  Several  of  these  masses  are  united  and  the  scoiiv 
ojtpressed  Irom  ttiem  by  the  blows  of  a  steam-hammer.  Or  iw 
metal  ib  melt<^d  <jn  the  hearth  of  a  rcverberatory  furnace  oDW* 
a  layer  of  ferru^dnuus  scorim  and  scales  of  oxide  of  iron  |  ™ 
osygen  of  these  materials  bums  the  carbon  oat  of  the  cast  ii«ii> 
the  whole  mass  being  vigorously  stirred.  The  Utter  opewtwB 
is  called  paddling. 

Pr^aration  of  Fare  Iron. — Pare  inm  may  be  obtained^ 
reducing  ferric  oxide  by  hydrogen  at  a  temperature  new  i*' 
ness,  or  by  passing  hydru;^'n  over  anhydrous  ferrous  cbluw* 


acid  i 


t'  hns  been  in 


I  in  an  incandiMceDC  porcelain  tube.      Hydrochloric 
3  formed  and  evulved,  and  the  iron  ren 
spongy  maw,  liiiving  a  metallic  lustre  where 
oonlact  with  the  {Kjruelaiii  iPeligot). 

Properties  of  Soft  Iron. — tor^ed  or  bap  iron  is  not  pure. 
It  containHn&innll  quantity  of  carbon,  and  traces  of  silicon,  sui- 
phnr.  phiwphonis.  .tud  even  nitrogen.  The  purest  soft  iron  is 
thjtt  used  fortheteethof  carding-Diaehinesand  forpinno-atrings. 

The  denailv  of  forged  iron  varies  from  7.1  U.<  7.0.     It  ' 
very  t«nauious.  ductile,  and  nialletible.     When  rolled  out.  it 
ealietl  sheet  iron.     Tin  plate  ia  ahoet  inm  wivered  with 
■>f  tin.     Galvani^sed  inm  m  coutcd  with  a  sortacc  of  zii 

Iron  mclti4  only  at  tlie  bighuBt  beats  of  a  wind-fiimi 
Wtien  sofiennd  by  n  white  heat,  it  may  be  soldered  In  ilself, 
Welded,  a  very  important  property  for  the  workinfr  of  the  melal. 

0.05  percent,  of  aluminium  grently  lowers  the  melting  point 
of  iron,  no  that  the  presence  of  this  quantity  of  aluminium  per- 
mits iron  eastings  h)  be  made  that  otherwise  would  be  impos- 
sible.     They  are  called  mitis  castings. 

Iron  is  attracted  by  the  magnet;  it  is  magnetic;  but  it  is 
not,  like  steel,  capable  of  retaining  magnetism  when  removed 
from  the  magnetic  influenc«. 

It  is  not  altered  by  dry  air  at  ordinary  temperatures,  but  at 
a  red  heat  it  absorbs  oxygen  and  is  converted  into  scales  of  black 
oxide  oi'  inm.  Iron  may  be  obtained  as  un  impalpable  powder 
tiy  reducing  Gucly-divided  lerric  oxide  in  a  eurrent  of  hydrogen 
at  na  low  a  temperature  as  poesible.  In  this  stale  it  takes  Ore 
when  exposed  to  air  at  ordinary  temperatures :  it  is  pyruphoric. 

Etod  rapidly  beonmes  oxidised  i  n  moist  air ;  it  becomes  cot- 
erutl  with  a  layer  of  rust,  which  is  ferrie  hydrate.  It  is  con- 
sidered thai  the  oxidation  of  inm  moistened  with  water  ih  fintl 
»el  up  liy  the  oxygen  diiisotveil  in  the  water;  it  cimlinnes 
with  2T<-at('r  energy  ait  soon  us  a  light  coat  of  ferric  hydrate 
hap  been  lormiMl  on  the  metal.  The  hydrate  rorma  a  vultaic 
nuiple  with  the  iri.m  itself,  by  which  the  water  is  decomposed; 
\<-,\n  of  the  hydrogen  dinplaced  by  the  iron  combines  with  the 
aitru(;en  of  the  air,  torming  iuumonia;  indeed,  rust  always 
contains  a  small  proportion  of  ammonia. 

Iron  decom|>oseg  water  at  a  red  heat,  setting  free  the  hydro- 
Run.    It  diBSolves  readily  in  hydrochloric  acid,  liberating  impure 

uid  fetid  hydrogen.     If  dilute  nitric  acid  be  poured  upon 

tacks,  the  met«l  ia  at  once  attacked,  with  an  abundant  di 

If  of  Mil  Vft|l(U8, 


[t  iff 
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On  the  other  hand,  the  same  metal  is  not  attacked  hjytcj 
coucentmted  nitric  acid  (nionohydrutcdj,aud  after  hniing  bun 
exposed  to  the  strong  acid,  the  tacks  muy  he  put  iult)  dilute  Kid, 
and  the  latter  will  then  he  found  to  have  no  eflect.. 

By  the  action  of  the  MinceDtrated  acid,  the  iron  becnnm 
paiuioe;  itn  aurtace  is  covered  with  a  thin  layer  of  ga»  vbich 
pnitccis  it.  But  if  it  be  touched  at.  aoy  point  with  a  wppcr 
wire  while  in  the  dilute  acid,  chemical  action  will  instanil;  be 
re-estuhliahcd. 

Caet  Iron  and  Steel — The  properties  and  appearance  of  cm 
iron  diHtr  with  the  proportions  of  carhon  and  silicon  which  il 
contains.  The  iron  does  not  form  definite  eumpuunds  with 
these  bodies;  they  seem  to  be  dissolved  by  ibe  uut  in)n  when 
it  is  liquid.  When  cast  iron  containing  much  carbon  ia  qnicklj 
cooled,  it  becomes  hard,  brittle,  whiter  than  soft  iron,  uid  sernu 
homogeneous.  This  iswhiieiron.  When  slowly  cooled,  a  b^ 
proportion  of  the  carbon  ia  depoal«d  ae  luminte  of  gn^hiw, 
and  the  less  homogeneous  iron  then  posBessoB  a  caiaia  degm 
of  tnalleahility :  it  is  ^<iy  irrm. 

Borne  cast  irons  contain  traceti  of  sulphur  and  phosphoriK; 
they  remain  white  eren  afler  very  slow  cooling.  Olhcis  tn 
lamellar  and  glittering;  they  conUiin  tuanganese  and  areriei 
in  carbon. 

Tho  proportion  of  carbon  contained  in  cast  iron  varies  tna 
2  to  5.5  per  cent.  Stetl  contains  leas  carbon,  from  0.7  to  2 
per  cent.  The  ijuantities  of  carbon  contained  in  etcct  and  tireii 
in  cast  iron  render  it  difficult  to  suppose  that  these  prodnW 
are  veritable  carbides  of  iron. 

Steel  muj  bo  obtained  by  a  partial  decarboniiation  of  aS 
iron.  MunganiferouH  iron  is  cspeciidly  applicable  for  this  frcf 
aration.  It  iti  subniilted  to  a  partial  refininj;,  being  maintaiMa 
in  the  liquid  fltule  for  soma  hours  under  a  layer  of  scoriw  li^ 
in  oxide  of  iron.  A  part  of  the  carbon  is  burned  out  bj  du 
oxygen  of  this  oxide :  mttural  iiteel  is  thu»  obtiuned. 

Sotl  iron  may  be  converted  inh)  steel.  The  operation  is  con- 
ducted in  cases  of  refractory  fire-clay,  into  which  bars  of  inn. 
and  charcoal-powder,  mixed  with  a  small  quantity  of  ashesuid  . 
common  salt,  are  introduced  in  alternate  layers.  The  ban  belvF 
tbuH  iflolatcd  in  u  bed  of  charcoal,  the  cases  are  closed  tnd 
heated  to  redness  in  a  furnace.  The  incandescent  metal  nhtcrte 
carbon,  and  at  the  termination  of  the  operation  is  found  con- 
verled  into  steel  by  txmentatwn. 


The  most  homogeneouB  &nd  most  valuable  steel  ia  catl  ttee 
It  is  obtained  by  fiising  crude  steel  in  crucibles  in  a  wind-fi 

Bessemer  lias  introduced  an  important  improTenient  in 
mannfu'turu  uf  Bteel.     His  proee:*,  which  bears  bis  name,  c 
sista  in  adding  varinbltt  quantities  of  a  properly-conslituted  ci 
iron  to  niolti'n  uiid  perfeetly  refined  soft  iroD. 

In  this  process,  the  in)n  tit  be  oonverted  into  Bl«el  is  dec 
boniied  by  a  cmrentof  air  which  is  forced  through  the  n 
metal  by  Btrong   press- 
ure.     Tlie  opcralinn   ia 
vunducttHl  in  Hn  nppn- 
ratos      repreiiented     in 
Kg.     IIB,     which     IK 
called  the  ((invrrKr     It 
hu   on  orind   lorm,  i 
i»nstmcted    il    Wnm 
plate  irnn  and  is  wtll 
lined     with     rilTddij 
fire4>nckf<      It    is    n 
noged  en  trunnmnti 
that  an  uNtdlalui;^  move 
ment  may  \iv  gi\en  to  it 


The 


preaauT"  by  the  tuy^s 
which  oitcn  into  the  bot- 
tom  of  the  conyerter    ,, 
The  ktCi^r  u  first  filled 
with  inuindesLent  coke, 

which  IS  brought  into  active  corobnatioD  by  the  blaat  Wheal 
the  interior  of  t)ir  ujnrertcr  is  heated  to  whiteneEs,  the  uika  J 
is  emptied  out  and  nplaced  by  the  molten  cast  iron,  the  c 
rcn«r  being  tni.linid  to  prevent  the  enlrance  of  the  mctul 
the  tay^TM  The  blast  is  then  again  turned  on  and  the  com- 
pressed  nir  bubbling,  through  the  mollfii  melnl  bums  out  nil 
of  the  carbon  A  flume  ot  great  brilhano  niahes  Irom  (he 
orifice  of  the  appiirutue  and  the  aspect  ol  thia  flami.  iiidi<at«B 
precisil}  the  progreid  of  the  opi  ration  and  itA  ti  rnnnalion. 
At  this  moment  the  apparatus  is  inclined  ibe  blast  arrested, 
and  a  eufGcKDt  quantity  ot  mdted  cost  iron  or  ytiri/flntfn,  i 
i^rystallinc  cast  tron  ruh  in  carbon  is  added  to  the  now  nfined 
iron  to  convert  the  whole  into  steel,  about  7  per  cent  of  ept» 
a  33 
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gdeisen  is  required.    The  steel  is  then  ran  out  into  siutaUe 
moulds. 

The  valuable  qualities  of  steel  are  well  known.  It  is  suscep- 
tible of  a  high  polish ;  it  is  ductile  and  malleable  like  itou,  tnd 
can  also  be  forged.  At  the  temperature  at  which  malleabk 
iron  becomes  soft,  steel  melts.  It  becomes  hard  and  brittle 
when  it  is  suddenly  cooled  afler  having  been  heated  to  redneaa. 
This  operation,  which  is  called  tempering,  develops  new  quali- 
ties in  the  steel, — elasticity  and  hardness.  It  assumes  these 
properties  in  different  degrees,  according  to  the  rapidity  of  the 
eoolino:,  and  the  difference  between  the  temperature  to  which 
it  has  been  heated  and  that  to  which  it  is  cooled.  The  greater 
this  difference,  and  the  more  rapid  the  cooling,  the  harder  will 
the  steel  become.  After  a  slow  cooling,  it  is  soft  and  malleft- 
ble  like  iron. 

When  tempered  steel  is  heated,  and  allowed  to  cool  slowly, 
it  partly  or  entirely  loses  its  hardness.  It  loses  it  entirely  if 
it  be  heated  to  the  temperature  to  which  it  was  exposed  before 
tempering.  Its  temper  is  drmcn  incompletely,  that  is,  it  re- 
tains a  certain  amount  of  hardness  and  elasticity,  if  it  be  re- 
heated to  inferior  temperatures.  The  qualities  which  it  will 
a*s.sume  after  c4)oling  may  be  predicted  from  the  various  tints 
developed  on  its  surface  during  the  heating.  Each  of  these 
tints  corresponds  to  a  determined  temperature. 

Straw-yellow  corresponds  to  220® 
Brown  "  255*> 

Light  blue  "  286-290° 

Indigo-blue  "  295® 

Sea-green  "  831** 

OXIDES  OF  IRON. 

Three  oxides  of  iron  are  known: 

Ferrous  oxide FeO 

Ferric  oxide PeM)* 

Ferroso-forric  oxide FeK)* 

Fremy  has  also  discovered  the  existence  of  a  ferric  acid,  of 
which  the  composition  is  not  certainly  established. 

Ferrous  Oxide,  FeO. — Debray  has  obtained  this  oxide  by 
partially  rtMhicinti;  ferric  oxide.  The  latter  is  heated  in  a  cur- 
rent of  gas  formed  of  e<|ual  volumes  of  carbon  monoxide  and 
carbon  dioxide.  A  black  powder  remains,  which  is  ferrous 
oxide. 

Fe'O*  +  CO  =  2FeO  +  CO" 


OXIDBS  OF    IBON. 

JWtorric  Ozid«,  Fe'D*.— This  is  found  anhydrou 
t  ted  bematilc  aiid  Kpeuulitr  iron.  Il  may  be  prepared  I 
einiDg  letTous  siilphai*-,  or  green  Titriol.  This  sail  f 
feaee  iu  water,  and  thcu  at  u  r&d  lient  ducompoiscs  IdIo  8 
pburic  anhydride,  sulphuruos  oside,  and  ferric  osidc. 

SFeSO*  =  SO"  -t-  SC  -)-  Fe'C 

A  r«d  powder  is  ihoB  obtainedj  which  is  known  as  culcothc 
«r  jeweller's  ruuge. 

This  oxide  ia  lunorphuus,  while  red  hematite  is  iryHUlliscd  it 


e  rhomboliedro.     H.  Deville  has  inic«eeded  i 


.■.irttng 


tliiG  amorphous  oxi<lc  iuto  the  urysulliied  by  heating  the  furnier 
a  u  very  slow  current  of  hydroehlu  ' 
Ferric  hydratv,  s  combination  of  furric  oxide  wiUt 
Br,  and  ordinarily  prcscntJi  the  composiUoD 


2Fe'0'  +  SH'O 


ich  a  hydrate  is  also  encountered  in  nature  as  bro^ 
itile.    AnothiT  natural  liydroie,  containing  Fe'O*  -\-  HH)^* 
il  known  tinder  the  name  of  gathite. 

Ammonia  or  potassium  hydrala  will  at  once  produce  a  volu- 
minous and  fliicculeni,  mst'colored  precipitate  in  a  solution  of 
ferrio  chloride.     This  prcdpitatj;  constitutes  a  ferric  hydrate. 

But  if  an  excess  of  lArtaric  add  be  added  to  the  solution  of 
■  feirie  salt,  the  liquid  may  bo  saturated  with  pola^iuin  hy- 
dntte  and  will  still  remain  clear,  no  precipitate  of  ferric  hydrate 
being  formed. 

Adviuit^e  is  tAkeu  of  i\m  property  in  analysis  for  the  sepo- 
tation  of  ferric  oxide  from  other  oxides  which  tartnric  acid  dow 
not  rclnin  in  solution  in  an  alkaline  li(|iiid. 

\f  n  solution  of  ferric  ncetste  be  poured  intij  n  dialyser 

Singe  1931,  and  the  water  in  the  t-xterior  vessel  be  frequently 
landed,  the  salt  will  finally  be  entirely  decomposed.  Acetic 
acid  will  pnsn  through  the  membnuie,  while  ferric  hydrate  wilt 
rcDi.iin  iliwuilvcd  in  ihc  water  in  the  dialyser  (Graham). 

Parnxo-ferric  Oxide,  Fe'O'. — Tliis  compound,  also  called 
mii(;netic  oxide  of  iron.eonstitntea  the  black  scales  which  form 
unoB  the  surface  of  iron  when  it  is  heated  to  redness  in 
air;  il  may  be  regarded  as  a  compound  of  ferrous  and  ft 
oiidea.     FeO  +  Fe'O"  =  Fe"0'. 


'iUt  ^H 

m 
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SULPHIDES  OP  IRON. 

Several  sulphides  of  iron  are  known. 

The  disulphide,  or  pyrites,  PeS*,  a  largely-diffused  minenl, 
IB  the  most  important  of  these  sulphides.  It  occurs  in  two 
distinct  forms : 

Yellow  p^rites^  which  crystallizes  in  cubes.  It  occurs  as 
brilliant  cubes,  or  dodecahedra,  having  a  yellow  color  and  a 
metallic  lustre. 

White  p^rites^  which  forms  rhombic  prisms,  variously  modi- 
fied, and  presents  a  dull,  greenish-yellow  color.  This  variety 
is  much  more  alterable  than  the  other,  and  possesses  a  great 
tendency  to  attract  oxygen  from  the  air  and  become  converted 
into  sulphate.  When  heated  in  closed  vessels,  pyrites  lows  a 
part  of  its  sulphur. 

A  combination  of  monosulphide  and  sesquisulphide  of  iron 
is  encountered  in  nature ;  it  crystallizes  in  regular  hexagonal 
prisms  and  is  called  magnetic  pyrites. 

Monosulphide  of  Iron,  FeS,  is  found  in  small  quantity  in 
many  meteorites.  It  is  ordinarily  obtained  by  heating  to  red- 
ness in  a  covered  crucible  a  mixture  of  three  parts  of  iron- 
filings  and  two  parts  of  sulphur.  When  the  mixture  bas 
fused,  it  is  poured  out  and  solidifies  to  a  brittle,  blackish  ma*, 
having  a  met^allic  reflection.  In  this  state,  it  is  used  for  the 
preparation  of  hydrogen  sulphide. 

CHLORIDES  OF  IRON. 

Ferrous  Chloride,  FeCP,  is  obtained  anhydrous  by  the  action 
of  dry  hydrochloric  acid  gas  upon  metallic  iron.  It  forms  white 
pearly  scales.  When  iron  is  treated  with  aqueous  hydrochlonc 
acid,  it  disisolves,  and  hydrogen  is  disengaged.  The  green, 
filtered  licjuid  deposits,  when  sufiiciently  concentrated,  hluish- 
green,  obIi(|ue  rhombic  prisms.  This  is  hydrated  ferrous  chlo- 
ride, FeCP  +  •iH^'O. 

Ferric  Chloride,  Fe-Cl*,  is  formed  when  a  current  of  chlorine 
is  passed  over  iron-turnings  heated  in  a  glass  or  porcelain  tuhe- 
The  two  bodies  combine  with  incandescence,  and  if  the  chlorine 
be  in  excess,  ferric  chloride  will  be  obtained  as  a  brilliant  black* 
crystalline  sublimate. 
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This  body  is  yeiy  soluble  in  water  and  forms  a  yellow-brown 
Bolation.  The  latter  may  be  obtained  by  dissolving  ferric  oxide, 
sach  as  powdered  hematite,  in  hot  hydrochloric  acid,  or  by 
leasing  chlorine  into  a  solution  of  ferrous  chloride.  Ferric 
^oride  is  also  soluble  in  alcohol. 

FERROUS  SULPHATE. 
FeSO*  4-  7HK) 

This  salt  has  long  been  known  under  the  names  green 
vitriol  and  copperas.  It  is  obtained  by  expoaing  iron  pyrites 
to  Uie  air,  or  roasting  that  mineral  at  a  moderate  heat.  It  is 
generally  prepared  by  dissolving  iron  in  dilute  sulphuric  acid, 
tnd  it  is  a  residue  from  the  preparation  of  hydrogen  sulphide 
by  means  of  iron  sulphide  and  dilute  sulphuric  acid. 

It  crystallizes  in  oblique  rhombic  prisms,  containing  7  mol- 
ecules of  water  of  crystallization.  When  exposed  to  the  air, 
these  crystals  effloresce  slightly,  and  at  the  same  time  their 
wirface  becomes  yellow  from  absorption  of  oxygen  and  the 
fonnation  of  ferric  subsulphate. 

2FeS0*  +  O  =  Fe»0(SO*)»  =  Fe'0».2S0' 

When  heated,  they  lose  their  water,  of  which  six  molecules 
are  disengaged  at  114°,  and  the  seventh  only  at  300°.  At  a 
higher  temperature  the  salt  decomposes  into  sulphurous  oxide, 
uid  a  ferric  subsulphate  different  from  the  preceding. 

2FeS0*  =  SCP  +  (Fe^O^)SO* 

The  crystals  of  ferrous  sulphate  are  freely  soluble  in  water. 
100  parts  of  the  salt  dissolve  in  164  parte  of  water  at  10°,  and 
in  30  parts  of  boiling  water.  The  green  solution  absorbs  oxy- 
gen from  the  air,  becomes  troubled,  and  deposite  yellow  ferric 
Bohsulphate. 

Other  hydrates  of  ferrous  sulphate  arc  known.  According 
toMitscherlich,  a  saturated  boiling  solution  of  the  salt  deposite 
^  80°  crystals  containing  four  molecules  of  water.  According 
to  Marignac,  when  a  solution  of  ferrous  sulphate  containing 
fee  sulphuric  acid  is  evaporated  in  a  vacuum,  crystals  are  first 
'posited  which  contain  7  molecules  of  water,  then  a  sulphate 
FeSO  +  5H»0,  and  finally,  FeS(>  -f  4H^0. 

The  sidphate  FeSO*  +  5H^0,  is  isomorphous  with  crystal- 

^  cupric  sulphate  (blue  vitriol),  and  like  it  crystallizes  in 

^ymetrio  prisms. 

88* 
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FERRIC  SULPHATE. 

Pe»(SO«)» 

This  salt  is  obtained  by  heating  ferrous  sulphate  with  nitrie 
and  sulphuric  acids;  the  brown  solution  is  eyi^rated,  and  the 
residue  well  dried. 

2FeS0*  +  H«SO*  +  0  =  H«0  +  Fe'CSO)* 

Ferric  sulphate  is  a  slightly-yellowish,  white  mass,  which 
dissolves  completely,  but  very  slowly,  in  water.  The  solntioD 
is  yellow-brown,  and  has  an  acid  reaction. 

When  concentrated  by  evaporation,  it  deposits  a  deliquesoeDt, 
yellowish,  crystalline  mass,  which  constitutes  hydrated  fenic 
sulphate. 

There  are  several  ferric  subsulphates ;  those  which  have 
been  mentioned  above  result  from  the  action  of  one  molecule 
of  ferric  oxide  upon  one  or  two  molecules  of  sulphuric  add, 
the  neutral  sulphate  resulting  from  the  action  of  one  molecule 
of  ferric  owde  upon  three  molecules  of  sulphuric  acid. 

IPSO*  +  Fe»0»  =  H«0  +  (FeW)"SO* 

Ferric  monotalphat*. 

iilo*  +  ^""'^  =  2^'^  +  (^^'^)"  { so* 

Ferric  dlsnlphate. 

H^so*  r  so* 

H^SO*  +  Fe^O^  =  3H«0  +  (Fe«)^  ]  SO* 

H^SO*  ( SO* 

Ferric  trisalplutte  (Dormal  nHj^)- 

FERROUS   CARBONATE. 

FoCO* 

Spathic  iron  ore,  which  crj^stallizes  in  rhombohedra,  is  fer- 
rous carbonate.  When  a  solution  of  sodium  carbonate  is  added 
to  a  solution  of  ferrous  sulphate,  a  greenish-white  precipitate 
is  obtained,  which  rapidly  becomes  colored  in  the  air,  aheorb- 
ing  oxygon  and  losing  carbonic  acid.  When  recently  precipi- 
tated, it  dissolves  in  a  large  excess  of  carbonic  acid. 

Characters  of  Ferrous  Salts. — The  solutions  of  these  salts 
are  green,  they  are  not  precipitated  by  hydrogen  sulphide, but 
ammonium  sulphide  forms  a  black  precipitate  of  ferrous  sol- 
phide.  Potassium  hydrate  or  ammonia  produces  a  greeoish- 
white  precipitate  of  ferrous  hydrate,  insoluble  in  an  exeesi  of 
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he  reagent,  and  rapidly  becoming  colored  in  the  air.  Potas- 
rom  ferrocjanide  (yellow  prassiate  of  potash)  forms  with  fer- 
0U8  salts  a  light-blue  precipitate.  Potassium  ferricyanide  (red 
nroasiate)  forms  a  dark-blue  precipitate.  Solution  of  gall-nuts 
lees  not  color  ferrous  salts. 

Characters  of  Ferric  Salts. — Hydrogen  sulphide  produces 
i  precipitate  of  sulphur,  reducing  the  salts  to  the  ferrous  state. 
/Lmmonium  sulphide  precipitates  them  black.  Potassium  hy- 
irate  and  ammonia  form  red-brown  precipitates  of  ferric  hy- 
drate, insoluble  in  an  excess  of  the  reagent.  Potassium  ferro- 
cjanide forms  a  dark-blue  precipitate  which  is  Prussian  blue. 

Potassium  ferricyanide  produces  a  dark-brown  color  without 
pieeipitation.    Potassium  sulphocyanate  gives  a  blood-red  color. 

Solution  of  gall-nuts  forms  a  blubh-black  precipitate  which 
ooDstitiites  ink. 

COBALT. 

Co=  69 

C!obalt  was  discoyered  by  Brandt  in  1753.  It  is  found  prin- 
dpally  in  the  state  of  arsenide,  CoAs^,  and  as  sulph-arsenide, 
CoAaS  (gray  cobalt).  Its  ores  are  worked  principally  for  the 
prodaction  of  a  dark-blue,  vitreous  mass,  a  combination  of  cobalt 
silicate  and  potassium  silicate,  known  as  smalt  or  azure  blue. 

The  metal  is  prepared  in  the  laboratory  by  calcining  its  oxa- 
late in  a  covered  crucible. 

Co(?0*    =     Co     +     2C0' 

Gobalt  oxaUte.  Carbon  diuxide. 

It  may  be  obtained  as  a  metallic  button  by  heating  the  pul- 
verulent metal  in  a  lime  crucible  in  a  wind-furnace.  The  lime 
crucible  is  placed  in  another  crucible  of  refractory  clay,  and 
Ae  space  between  the  two  Ls  filled  up  with  fragments  of  quick- 
lime (H.  Sainte-Claire  Deville). 

Pure  cobalt  is  silvery-white.  It  is  very  malleable  ;  its  den- 
sity is  8.6,  and  it  is  magnetic.  At  ordinary  temperatures  it  is 
unaffected  by  the  air,  but  at  a  red  heat  it  is  converted  into  oxide. 

Oxides  rf  Cobalt. — A  monoxide,  CoO,  and  a  sesquioxiae, 
CoK)*,  are  known,  and  several  intermediate  oxides. 

The  monoxide  may  be  obtained  by  calcining  cobalt  carbonate 
in  dose  vessels.  It  is  a  greenish-gray  or  olive-green  powder, 
irhich  is  reduced  by  hydrogen,  charcoal,  and  carbon  monoxide 
it  a  red  heat. 
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When  heated  with  borax  before  the  blow-pipe,  it  diaolwi, 
fortuiu^  :i  blue  ^lasa.  It  ia  used  for  giviog  a  blae  color  U 
gloss  aiid  porcelain. 

When  an  excess  of  pota^ium  hydrate  is  added  to  tim  solu- 
tion of  a  salt  of  cobalt,  a  roae-ted  precipitate  of  cobalt  hjdiMe, 
CoiOH)',  is  formed. 

Qibalt  setqvioxide,  Co'O",  is  prepared  by  passing  a  cnmal 
of  chlorine  through  water,  holding  in  auspen^on  the  itK- 
colored  hydrate  above  mentioned. 

2CoO  +  H'O  +  CI'  =  Co'O*  +  2HC1 
The  seaquioside  is  deposited  as  a  black  powder,  which  mij 
be  dried  by  eareliilly  heating  it- 
Cobalt  Chloride,  CoCl'.— When  pulverulent  cobalt  is  heated 
in  a  current  of  chlorine,  it  takes  fire  and  is  converted  iote  i 
chloride,  which  sublimes  in  blue  scales.  A  solotion  of  thia 
chloride  may  be  obtained  by  dissolving  either  monoiideorou'- 
bonate  of  cobalt  in  hydrochloric  acid.  The  neutral  solutioD  ii 
currant-red,  and  on  evaporation  deposits  hydrated  ciyetibuf 
the  same  color.  But  when  it  is  concentratod,  ailer  hann^ 
added  hydrochloric  or  sulphuric  acid,  it  becomes  blue.  Tlui 
change  of  color,  due  to  the  formation  of  anbydroiu  chluiide 
even  in  the  midst  of  the  hot  liquid,  has  caused  the  eniploy- 
ment  of  cobalt  chloride  as  a  sympathetic  ink.  ChiincKit 
traced  with  the  dilute  solution,  which  is  rose-colored,  are  m'\Sr 
ble  on  white  paper,  and  appear  blue  only  when  tbe  piperu 
warmed,  again  becoming  invisible  on  cooling,  by  the  absorpiiun 
of  atmospheric  moisture. 

Cobalt  Sulphate,  CoSO'  -}-  "H'O.— This  salt  is  fotmd  ia 
nature,  cryBtallized  in  oblique  rhombic  prisms.  It  may  b«  ub- 
taincd  by  dissolving  the  oxide  or  carbonate  in  dilute  sulphorio 
acid  and  concentrating  the  red  solution.  At  ordinary  lumper 
atures,  the  latter  deposits  red  crystals,  isomorphous  with  ferroii! 
sulphate.  Between  20  and  30°,  it  yields  right  rhombic  priatt 
containing  6  molecules  of  water,  and  isomorpbous  with  ini^;iK- 

Characters  of  Cobalt  Salts, — The  cobattous  salts  are  the 
more  important.  Their  solutions  are  rose  or  curraut-r«d,  btU 
when  concentrated  and  hot  they  become  blue,  especially  when 
an  excess  of  acid  is  present.  Hydrogen  sulphide  does  not  pre" 
cipitate  solutions  of  cobalt  ftalts.  Ammonium  sulphide  fomu 
a  black  precipitate.    Potassium  hydrute  gives  o.  blue  precipitate 
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of  a  btflio  nit,  wbieb,  in  presence  of  an  exoeas  of  potaasa,  ia 
converted  into  hjdrate  of  cobalt,  baying  a  dirty  rose  color. 

Ammonia  forms  a  blue  precipitate,  soluble  in  an  excess  of 
the  reagent. 

Wben  beated  with  borax  in  tbe  blow-pipe  flame^  tbe  salts  of 
cobalt  yield  beads  of  a  pore  blue  color. 


NICKEL. 

Tbis  metal  was  discovered  by  Cronstedt  in  1751. 

Vatnral  State  and  Extraction. — Nickel  is  found  as  arsen- 
ide, Ni As*,  in  kupfemickel  or  nickeline.  In  the  preparation  of 
smalt  from  tbe  ores  of  cobalt,  whieb  always  contain  nickel,  the 
latter  metal  combines  with  the  arsenic  and  a  certain  proportion 
of  snlpbor,  forming  a  metallic-looking  mass  known  as  spem. 

In  tbe  arts,  nickel  is  extracted  from  kupfernickel  or  from 
speias.  In  tbe  laboratory  it  is  prepared  by  reducing  the  oxide 
in  a  brasqued  crucible,  or  by  calcining  the  oxalate  out  of  con- 
tact with  the  air.  When  heated  to  whiteness  in  a  lime  cruci- 
ble the  nickel  melts  to  a  metallic  button. 

Properties. — Pure  nickel  is  grayish-white.  It  is  malleable, 
ducdle,  and  very  tenacious.  Its  density  is  8.279,  and  may  be 
increased  to  8.666  by  hammering.  Next  to  manganese,  it  is 
the  hardest  of  the  metals.  It  is  less  fusible  than  iron  and  more 
fusible  than  manganese.  It  is  magnetic  ;^t  ordinary  tempera- 
tures, but  loses  this  property  at  about  250°.  It  is  unaltered  by 
the  air  at  ordinary  temperatures,  but  absorbs  oxygen  at  a  red 
heat.  It  dissolves  slowly  in  dilute  sulphuric  and  hydrochloric 
acids,  rapidly  in  nitric  acid.  In  contact  with  concentrated  nitric 
acid  it  becomes  passive  like  iron. 

Nickel  is  used  in  tbe  arts,  in  the  manufacture  of  an  alloy 
hown  as  German  silver,  which  contains  50  per  cent,  of  copper, 
^5  of  nickel,  and  25  of  zinc. 

Nickel  may  be  deposited  as  a  brilliant  metallic  layer  by  the 
dectrolysis  of  a  solution  of  nickel  and  ammonium  double  sul- 
phate (A.  C.  and  £.  Becquerel).  Adams  made  an  application 
of  this  property  to  the  nickel-plating  of  various  objects  by 
electro-metallurgy,  and  the  process  is  now  largely  employed. 

Qzidds  of  Hiokel. — A  monoxide,  NiO,  and  a  sesquioxide, 
Ni'O*,  are  known. 

The  anhydrous  monoxide  is   an   ash-gray  powder.     It  is 


ELEMENTS   OF   UODERN   CHEMtSTRT, 


obtained  by  strongly  calcining  the  nitrate  or  carboOAte.  On 
adding  {Hitassium  hydrate  to  a.  nickel  suit,  an  apple-green  pre- 
cipitate of  niukel  hydrate,  Nil,OHj',  is  formed. 

Nickel  teiqiiioxide  may  be  obtained  by  moderately  calaniiii; 
the  nitrate.  It  is  black.  When  chlorine  gas  is  pasted  iniu 
water  holding  nickel  hydrate  in  suspenflion,  a  dark-brown  p«<' 
der  IB  obtained,  which  m  a  hydrate  of  the  sesquiozide.  Tliii 
hydrato  may  also  be  made  by  precipitating  a  nickel  sail  wiA 
potassium  hydrate  mixed  with  an  alkaline  hypochlorite. 

When  Htrongly  calcined,  nickel  seei^uioxide  ahandoiu  put  uf 

i(i«  oxygen  and  is  changed  into  monoxide.    Tre»t«d  with  bydru- 

chloric  acid,  it  yields  nickel  chloride,  and  chlorine  ia  disea^igeii- 

Ni'O'  +  tJHCl  =  2NiCr  +  3H'0  +  CI' 

Hickel  Chloride,  NiCl*. — This  salt  may  be  obtuned  uiliT- 
drous  by  the  action  of  chlorine  on  nickel-filings  ;  it  is  votrti* 
a(  a  dull-red  heat,  and  sublimes  in  golden-yellow  walw.  Tbe 
hydru(«d  chloride  ia  funned  by  the  action  of  boiling  water  on 
the  anhydrous  salt,  or  by  the  nctionof  hydruehloric  addootlM 
oxide  or  carbonate.  Ita  solution  ^is  green,  and  alWr  proper 
concentration  deposiu  beautiful  green  crvstals  which  contui 
NiCI'  +  9U'0. 

Hickel  Bnlphato,  NiSO*  +  711*0.— The  snlphate  is  d«p» 
il«d  in  fine,  emerald-ftrcen.  orlhorhombic  prisms,  i»>moTphciv 
with  magnuiiiiim  sulphate,  when  it«  solution  is  allowed  Uteiif' 
oratu  spontaneouHly  Jwlow  15".  There  is  another  hydmlen* 
taining  6tiH},  which  is  dimorphous.  When  deposit^  bewem 
20  and  30°,  it  crystallizes  in  square  octAhedra,  hut  when  '» 
solution  is  made  to  ciystallize  between  lifl  and  70°,  right  rfaoa- 
hic  prisma  are  obtained,  isomorphous  with  the  eorreeponditg 
sulphates  of  magneRium,  line,  and  cobalt. 

Nickel  sulphate  dissolves  in  3  times  iis  weight  of  water  al  10°- 

Cliaraoten  of  Nickel  Salts. — The  nickel  salts  when  hj- 
drated  or  in  wjlution  have  a  fine  emerald-green  color.  ffJwa 
anhydrous  they  are  yellow. 

Hydrogen  sulphide  docs  not  precipitate  them  from  add  sob- 
lions.  Ammonium  sulphide  throws  down  a  black  precipil*t«. 
Potassium  hydrate  and  potassium  carbonate  form  apple-gna 
precipitates. 

In  neutral  solutions,  ammonia  g:ive8  a  green  prectpilale  of 
nickel  hydrate,  which  di&jolves  in  an  excess  of  ammonia,  fbl» 
iog  a  blue  solution. 
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MANGANESE. 

This  metal  has  been  obtained  as  a  coherent,  very  hard  mass, 
by  reduction  of  either  manganons  carbonate  or  red  oxide  of 
iBanganese  with  charcoal  or  sugar  in  a  lime  crucible  at  the 
lughest  heat  of  a  wind-furnace  (H.  Deville). 

It  is  whitish-gray,  and  almost  as  infusible  as  platinum.  Its 
density  is  7.2.     Its  powder  decomposes  warm  water. 

MANGANESE  OXIDES. 
Manganese  forms  six  compounds  with  oxygen : 

Manganons  oxide MnO 

Manganoeo-manganic  oxide Mn'O^ 

Manganic  oxide Mn'O" 

Manganese  dioxide MnO^ 

Manganic  anhydride MnO^ 

Pcrmanganie  anhydride Mn'O^ 

Manganous  oxide  is  formed  when  manganous  carbonate  is 
sfrongly  heated  in  a  current  of  hydrogen.  Carbon  dioxide  in 
evolved,  and  a  green  powder,  which  is  manganous  oxide,  re- 
nains.  It  takes  fire  on  contact  with  an  incandescent  body,  and 
is  ooDTerted  into  a  brownish-red  powder,  which  is  red  oxide  of 
fMmganese. 

3MnO  +  0  =  Mn'O* 

The  latter  body  is  also  formed  by  the  calcination  of  the  diox- 
ide. It  is  analogous  to  the  magnetic  oxide  of  iron,  and  con- 
stitutes the  mineral  known  as  Juufsmannitc. 

Manganic  oxide,  MnK)*,  occurs  in  nature  in  the  crystallized 
state  as  braunite.  It  is  isomorphous  with  alumina  and  ferric 
oxide. 

MANGANESE  DIOXIDE. 

(BINOXIDE   OR   PEROXIDE   OF    MANGANESE.) 

MnO* 

This  important  body  is  found  abundantly  in  nature ;  it  con- 
stitutes the  mineral  pyrolusite.  It  may  be  obtained  pure  and 
anhydrous  by  exposing  a  concentrated  solution  of  manganous 
nitrate  to  heat  and  gradually  raising  the  temperature  to  155°. 
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Nitrons  vapors  are  evolved,  and  a  brilliant  brown-black  mass  is 
obtained,  which  is  the  dioxide. 

Mn(N(y)»  =  MnO«  +  2N0» 

It  loses  one-third  of  its  oxygen  when  heated  to  redness,  and 
is  converted  into  the  red  oxide.  When  heated  with  coDcen- 
trated  sulphuric  acid,  it  loses  half  of  its  oxygen,  manganoos 
sulphate  being  formed, 

MnO^  +  H'SO*  =  MnSO*  -f  H*0  +  O 

With  hydrochloric  acid  it  yields  water,  chlorine,  and  manga- 
nous  chloride. 

A  hydrate  of  manganese  dioxide  is  formed  when  an  excess 
of  chlorine  is  directed  into  water  holding  in  suspension  man* 
ganous  hydrate  or  carbonate.  This  hydrate  is  a  dark-brown 
powder. 

Manganese  dioxide  is  largely  employed  for  the  preparation 
of  oxygen  and  chlorine.  It  is  used  to  decolorize  glass  black- 
ened by  carbonaceous  matters  or  rendered  green  by  a  trace  of 
iron. 

MANGANIC  ACID. 

When  manganese  dioxide  is  heated  with  potassium  hydrate 
in  a  silver  crucible,  and  the  calcined  mass  is  exhausted  with 
water,  the  hitter  dissolves  out  potassium  manganate.  A  dark- 
green  li(|U()r  is  thus  obtained  which,  when  evaporated  in  vacuo, 
deposits  a  crystalline  mass.  These  crystals  may  be  drained  on 
a  porous  porcelain  plate,  and  green  needles  of  potassium  man- 
ganate, K^MnO*,  remain.  The  salt  is  isomorphous  with  the 
sulphate  K^SO*. 

When  the  green  solution  is  boiled,  it  becomes  red  and  deposits 
brown  flakes  of  hydrated  manganese  dioxide :  the  red  liquor  is 
a  solution  of  potassium  permanganate,  this  salt  being  formed  at 
the  expense  of  the  manganate,  which  breaks  up  into  hydrated 
dioxide,  potassium  hydrate,  and  permanganate. 

3K^MnO*  +  3H»0  =  K^Mn^O^  +  MnO'.H'O  +  4K0H 

PotMB^iiim  Potamiuni         Hydrnted  nmngaDese 

niarigaiiate.  permangHnate.  dioxide. 

An  analogous  decomposition  takes  place  when  an  acid  is 
added  to  the  green  solution  of  manganate;  a  manganous  salt 
and  permanganic  acid  are  formed,  and  the  latter  oolors  the 
liquid  red. 
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PERMANGANIC  ACID. 

Potafisiiun  permanganate,  K'Mn'O",  is  an  important  salt.  It 
lay  be  prepared  by  introducing  into  an  iron  crucible  5  parts 
f  caustic  potassa  with  a  small  Quantity  of  water,  then  a  mix- 
ire  of  31  parts  of  potassium  chlorate  and  4  parts  of  finely- 
owdered  manganese  dioxide.  The  mixture  is  heated  and 
»ntinually  stiired,  until  the  mass  becomes  dry  and  the  tem- 
erature  has  reached  dull  redness.  After  cooling,  the  product 
I  polverized  and  introduced  into  200  parts  of  boiling  water, 
i^ken  the  liquid  has  assumed  a  purple  color,  it  is  allowed  to 
Mad,  decanted,  and  after  neutralization  by  nitric  acid,  is 
r^rated  at  a  gentle  heat.  On  cooling,  it  deposits  crystals 
ut  may  be  dried  on  a  porous  tile. 

Potassium  permanganate  crystallizes  in  almost  black  needles, 
iring  a  metallic  reflection.  It  dissolves  in  15  or  16  parts  of 
)ld  water,  and  its  solution  has  a  magnificent,  intense  purple 
)lor. 

If  solution  of  sulphurous  acid  be  added  to  potassium  per- 
anganate  solution,  the  latter  is  instantly  decolorized,  and  the 
)aid  contains  only  potassium  sulphate  and  manganese  sulphate. 
If  a  drop  of  the  solution  of  potassium  permanganate  be 
boed  upon  a  sheet  of  paper,  it  loses  its  color  and  a  brown 
ain  of  hydrated  manganese  dioxide  is  produced. 
These  experiments  indicate  the  oxidizing  properties  of  the 
ermanganate.  In  the  first,  sulphurous  acid  was  oxidized ;  in 
le  second,  it  was  paper,  of  which  the  carbon  and  hydrogen 
anoved  the  oxygen  from  the  permanganate,  which  was  thus 
iduced  to  dioxide. 


MANGANOUS  SULPHATE. 

MnSO*  -h  7H»0 

This  salt  may  be  prepared  by  dissolving  manganous  carbon- 
te  in  sulphuric  acid.  The  properly  concentrated  rose-colored 
olution  deposits,  between  0  and  6°,  oblique  rhombic  prisms, 
Bomorphous  with  green  vitriol  and  containing  7  molecules  of 
rtter. 

Between  7  and  20^,  manganous  sulphate  crystallizes  with  5 

34 
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molecules  of  water,  like  cupric  sulpKate,  wiUi  which  it  is  tlics 
isomorphous. 

Between  20  and  30°,  it  is  deposited  in  oblique  rhombic 
prisms,  according  to  Marignac,  which  contain  onlj  4  molecules 
of  water. 

All  of  these  crystals  are  rose-colored,  and  their  color  is 
deeper  as  they  contain  more  water  of  crystallisation.  They  are 
very  soluble  in  water. 


MANGANOUS  CARBONATE. 

MnCO« 

The  residues  from  the  preparation  of  chlorine  may  be  used 
for  making  this  salt.  They  are  evaporated,  without  filterii^, 
in  a  porcelain  capsule,  with  frequent  stirring,  and  the  dry 
residue  is  calcined  with  an  excess  of  manganese  dioxide.  The 
ferric  chloride  which  was  mixed  with  the  manganous  chloride 
is  doconip()s(Hl  or  volatilized  during  this  operation.  Ferric 
oxide  remains,  mixed  with  the  excess  of  manganese  dioxide 
luid  the  manganous  chloride,  which  resists  the  heat.  The  bitter 
is  extracted  by  exhausting  the  mass  with  boiling  water.  A 
rosc-colort^d  solution  is  thus  obtained  which  often  oontains  a 
small  quantity  of  cobalt  ebloride.  The  latter  is  precipitated 
as  sulphide  by  adding  little  by  little  a  solution  of  sodium  sul- 
phide. As  soon  iLs  t\w.  precipitate,  which  is  at  first  blackish. 
begins  to  assume  a  flesh  tint,  the  liquid  is  filtered  and  precipi- 
tated by  sodium  carbonate. 

Mariiranese  carbonate  constitutes  a  white  powder  with  a  pal* 
rose,  tint.  When  heated  in  contact  with  air,  it  gives  up  car- 
bonic acid  gas  and  is  converted  into  red  oxide  of  manganese. 

Characters  of  Manganese  Salts. — The  salts  of  manganese 
are  colorless  or  have  a  light  rose  color.  Their  solutions  an? 
not  j)reci|)itatcd  by  hydrogen  sulphide.  Ammonium  sulphide 
gives  a  flesh-colored  precipitate ;  sodium  carbonate,  a  dirty 
white.  Potassium  hydrate  produces  a  dirty  white  precipitate 
of  manganous  hydrate,  which  rapidly  becomes  brown  by  ab- 
sorbing oxygen  from  the  air. 

When  heated  in  the  blow-pipe  flame  with  a  small  quantity 
of  pota.ssium  hydrate  or  nitrate,  the  salts  of  manganese  give  a 
bead  which  dissolves  in  water  with  a  green  color  (manganiite). 


D  =  WO. 


rranium  ia  related  to  Dianganese  and  iron  by  certain  com. 
pounds, and  tberenreotliura  nhicrh  relutaittochroniiuro,  niolyb- 
ilenum.  and  tungsten.  The  liitter  three  elemctitg  eombioe  with 
oiy^'eo,  forming  the  unhydndes  of  energetic  acids,  and  their 
lUujg  may  be  regarded  tm  bexutomiu. 

Dnuium  ie  not  fuund  in  abunditnoe,  althou;^h  it  is  widely 
distributed.  It  occurs  in  pitchhleiide,  a  nranoso-uranio  glide, 
uranile,  a  calcinm  urauo- phosphate,  and  io  other  ininerab,  asso- 
riaied  with  copper,  biarautb,  niobium,  and  taataluoi.  Buxenite 
ooniaina  niobaie  and  titanate  of  uranium. 

The  metal  may  be  prepared  by  the  action  of  sodium  on  a 
iniiture  of  uranium  chloride,  UCl*,  aod  potasHium  chloride,  the 
htter  being  employed  aa  a  flux.  The  operation  is  conducted 
in  I  porcelain  crucible  contained  wiihin  a  plumbago  crucible, 
ud  a  high  heat  is  necessary  to  fuse  the  reduced  uranium. 

So  obtained,  uranium  is  of  an  iron  or  nickel  color,  not  quite 
u  hard  as  steel,  and  has  a  density  of  18.4.  When  heated  in 
the  air,  it  ts  oiidiied  with  incandescence.  It  dues  not  decom- 
)M8e  water,  but  dissoWes  in  dilute  acids,  disengaging  hydrogen. 

Draniiim  Ozidea. — The  principal  oxides  are  UO'  and 
UO*,  besides  which  there  exist  wveral  in  termed  iiite  oxides. 
wA  pn^ably  a  urauic  oxide,  UO*. 

Uranium  IMoiiile,  UO',  was  at  first  believed  to  be  the  free 
metal.  It  is  a  brown  powder,  and  may  be  obtained  by  strongly 
Imtiag  urunic  oxide  with  charcoal  or  in  a  current  of  hydro- 
pn.  Prepared  in  the  latter  manner,  the  monoxide  is  pyro- 
pborie.  A  corresponding  hydrate  is  formed  when  Kolutionn  of 
nnnous  salts  are  precipitated  by  alkuline  hydrJtea. 

Oramc  Oxide,  UO".  is  obtained  hb  a  light-brown  powder  by 
liutiDg  uranyl  nitrate  to  250°.  When  heated  to  redness,  it  ia 
oifi»erted  into  green  urunoso- urunic  oxide  U'O".  Urauic  oxide 
WDihiues  with  bases  forming  a  series  of  salts  of  the  general 
rottDula  R'U'O',  in  which  R  is  one  atom  of  a  monatomic  metal. 
The  uranaies  are  yellow,  insoluble  in  water,  but  soluble  in  acids, 
The  nIkaUne  uranntes  may  be  obtaiued  by  precipitating  a  uranyl 
tall  (see  farther  on)  with  an  excess  of  alkaline  hydrate. 

Sodium  Uranate,  Na'UH)',  is  kuuwo  io  commerce  aa  uranium 
yellow,  and  is  used  for  painting  on  porcelain,  and  for  coloring  ' 
a  yellow  glass  which  is  highly  fluorescent.     It  is  prepared  in 
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the  arts  by  beatiDg  in  a  lerarbentoryfiirDajoe  a  miztine  of  Ene 
and  pitchblende.  The  oaldam  nraiiate  so  fcnrmed  m  deeon- 
posed  by  sulphurio  acid,  and  the  uranyl  aulphata  obtanel  k 
treated  with  sodium  carbonate.  On  adding  Ttry  difaifte  ad- 
phnric  acid,  uraniam  yellow  is  precipitated. 

Vramum  Chlorides. — ^There  are  three  chlorides^  IPQ*, 
UOl«,  UCP,  and  an  oxyohloride,  U(K)P.  The  tetraehkxide  ii 
formed  by  the  action  of  chlorine  on  a  heated  miztme  rf  Am- 
coal  and  any  oxide  of  nraninm.  It  is  a  toj  ddiqneseeit  bolf, 
crystalliaiDg  in  black  or  dark-green  regalar  ootahedra  hafisgi 
metallic  lustre.  It  reduces  the  salts  of  gold  and  silfsr,  tsd 
converts  ferric  into  ferrous  chloride.  When  heated  in  bjdio- 
gen,  it  is  cooverted  into  the  chloride  UHTl*. 

Salts  of  UraniiinL — ^There  is  a  series  of  uranons  salts,  sod  i 
series  formed  by  the  radical  UO*,  which  has  reoeiTcd  the  sane 
wanyl  and  appears  to  be  monatomic.  The  former  sdts  an 
green,  and  are  readily  converted  by  oxidising  agents  into  the 
corresponding  uranyl  salts  which  are  yellow. 

Uranyl  nitrate,  \50\^QF)\  which  may  serve  as  a  rtsrtto 
point  for  the  preparation  of  uranium  compounds,  may  be  wm 
from  pitchblende.  The  latter  is  pulverized,  roasted,  and  treated 
with  nitric  acid.  The  solution  is  evaporated  to  dry ness,  the  resi- 
due exhausted  with  water,  and  the  liquid  filtered.  The  vellowisli- 
green  filtrate  is  concentrated,  and  the  confused  crystslline  aaa 
which  separates  on  cooling  is  drained  and  recrystalliied  fro* 
hot  water.  The  new  crystals  are  dried  and  submitted  to  a  is* 
crystallization  from  ether,  which  dissolves  the  uranyl  nitiatc 
without  dissolving  the  impurities. 

Uranyl  nitrate  forms  large,  canary-yellow,  orthorhoiiw 
prisms,  very  soluble  in  water,  and  soluble  also  in  alcohol  asd 
ether.     Heat  converts  it  into  uranic  oxide. 


CHROMIUM. 

Cr  =  62.6 

Chromium  was  discovered  in  1797,  by  Vauquelin,  in  aauB- 
oral  formerly  known  as  red  lead  of  Siberia,  and  which  ia 
chromate  of  lead.  It  forms  one  of  the  elements  of  chroBS 
iron,  a  conibination  of  chromium  oxide  with  ferrous  oxide, 
Cr'O'.FeO,  which  corresponds  to  magnetic  oxide  of  iwa, 
Pe'CP.FeO. 


OOUMUNDS  OF   CHBUMiru    AMD   OXYaEN. 

tDerille  isolated  tbp  metal  by  caloiainf;  chroiniam  oxid 
Pfiluircnu]  and  linseed  oil  in  crucibles  of  lime  ajiid  I'lioTL-oat 
k  prepared,  chroniiiim  forms  f^ajiah-whito,  melailio  ^ 
irttich  arc  brittle,  OB  tiurd  08  corundum,  and  tinve  n  density  of  5.3 
A  email  pniportioD  of  chromiuni  gives  great  hurdnesa  to  steej 

Thie  metal  does  Dot  oxidize  in  t-he  air  at  ordinary  tcmperft-1 
lures.  At  a  red  beat,  it  is  converted  into  the  oxide  Cr'O'. 
When  throirn  into  [wtaiuium  chlorate  in  a  mtate  of  fusion,  it 
biirna  with  n  dueling  white  flame,  a  ehromate  being  formed. 
IBbamfl  in  the  same  manner  in  chlorine  (tas,  being  transformed 
1^^^  violet  ehktride.  It  dissolves  in  hydrochloric  acid,  dixen- 
^^Bg  hydrogen. 

^BmPOUNDS  of  CHROMnJM   AND  OXYGEN. 
^^Bere  are  two  well-defined  compounds  of  chromium  and  1 
^HRn,  the  green  oxide  of  chruruium,  CHO",  und  chrumifl  | 
^i^^^d...  CrO-. 

(Hiromiiim  Oxide,  (VO",  ia  a  green    powder;    it  may  be  I 
nliUdniHl  by  I'aJi/iuint;  mermroua  ehromate. 

^^  ^Hs-OO*  =  4Hg  -i-  O*  -(-  tVO" 

^HfeDther  process  conaini^  in  heating  in  a  crudble  a  mixtora  I 
^^Hputa  of  potassium  dichromat«  with  a  little  more  than  1 1 
P^^^  flowers  uf  sulphur.  AtUr  cooling,  the  muas  is  treated  I 
1  iPbk  water,  whiuh  dissolves  out  putasslum  sulpbab;  and  leavu  1 
ctiroiniuui  oxide. 

Fromy  obtnined  it  in  small  orystjils  by  piiRsin^  chlo 
OTer  potAssium  ehromate  heated  W  redness,  and  exhausting  the 
cooled  Ria^  with  water. 

Chromium  oxide  ia  nndecomposa.ble  by  heat,  and  melt«  only 
It  the  te^upcrature  of  the  forge.  It  forms  several  different 
bydrBtes,  When  ammoDis  is  added  to  the  ^en  solution  of 
fihromic  chloride,  a  green,  flaky  precipitate  of  chromic  hydrate 
ia  formed-,  it  is  soluble  in  acids  and  in  potassium  hydrate. 

Chromic  Anhydride,  CrO*,  is  prepared  by  gradually  adding 
to  a  cold  aaturated  solution  of  potassium  dichromate  1  i  times   1 
its  volume  of  sulphuric  acid.     The  chromiu  anhydride,  ordina-  I 
rily  called  chromic  acid,  set  free   separates  in  needle-shaped  I 
'        '«ls  of  a  dark-red  color,  which  should  be  drained  and  n 
^liied  in  a  small  quantity  of  warm  water. 
S  delitjuescent;  its  aqueous  solution  liiui  u  diirk  yelloi 
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hnwD  color.     It  is  ao  eDersetio  oxidmog  agent.     Hjdro(U>- 
ric  acid  converts  it  into  chromic  chloride,  with  evolutioii  ef 


ZCrO"  +  12Ha  =  CfCl*  +  6H'0  +  3CP 

If  &  conccDtrutcd  solution  of  imlphuroas  acid  be  added  Id  I 
solution  of  chromic  acid,  the  liquid  immediately  becomes  ^reta 
from  the  Ibrmation  of  chromic  sulphat«. 

Chromatea. — Tha  moat,  important  chroiniites  are  thus*  of 
potassium  and  lead. 

Poloiiium  neutral  chromatr,  K'CrO*,  crystallises  io  lemon- 
yellow,  right  rhombic  prisms,  isoiuorphous  with  polAsuum  mt 
phat«.  It  is  very  soluble  in  water,  to  which  it  commnniiala 
an  intense  yellow  color.  80  great  is  its  volonng  proper^,  tlut 
one  part  of  chroraato  wUl  sensibly  color  40,000  parts  of  water. 

Potusmiim  dichromatf,  K't^O',  is  prepared  by  heating  to 
redness  '1  parts  of  chrome  iron  with  1  part  of  nitre.  The  niw 
is  eshauated  with  water,  which  dissolves  out  poto^um  nentnl 
chromate;  acetic  aoid  is  added  to  this  solution,  preoJpitalllg 
the  silica,  which  is  derived  from  the  erudble  and  rcmainitl 
the  solution  as  silicate,  and  removing  one-half  of  the  potaMoa 
from  the  chromate,  thus  converting  it  into  the  dichromito 
The  latter  crjstalliies  out  on  evaporation. 

Potassium  dichromatc  is  a  beautiful  salt  of  an  orango-icd 
color.  It  crystallizes  id  quadrangular  tables  derived  fron  ■ 
dissy metric  prism. 

It  dissolves  in  8  or  10  parts  of  cold  water  and  in  a  mud) 
less  quantity  of  boiling  water. 

A  strong  heat  decomposaa  it  into  neutnd  chniraate,  ehromiiia 
oxide  and  oxygen. 

2K'(V0'  =  aK'CrO*  +  tVO"  +  O* 

When  heated  with  sulphuric  acid,  it  loses  oxygen  and  ii' 
converted  into  chromic  sulphate  and  potassium  sulphate. 

K-Cr-O'  +  4H'S0'  =  Cr-CSO')'  +  K'SO*  +  4H=0  +  O* 

The  residue  when  exhausted  with  water  yields  a  green  wh** 
tion,  which  deposits  ou  evaporation  beautiful  octahedral  trjutal" 
of  %  violet^lack  color,  constituting  chrome  aloi^^^^^ 

Cr'CSO'j'.K'SO*  +  24H'aij^^H 
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Snlpburous  acid  reduoes  potassium  dichromate  in  the  cold, 
abo  yielding  chrome  alum  if  sulphuric  acid  be  added. 

K»CrH)^  +  3S0*  +  H»SO*  =  Cr'(SO*)».K»SO*  +  H»0 

The  constitution  of  potassium  dichromate  is  represented  by 
ibe  formula 

KOCrO* 

> 

KOCrO* 

COMPOUNDS  OF  CHROMIUM  AND  CHLORINE. 

Seyeral  combinations  of  chromium  and  chlorine  arc  known. 
The  most  important  is  the  violet  chloride,  Cr'Cl*,  correspond- 
ing to  aluminium  chloride  and  ferric  chloride.  It  is  prepared 
tj  passing  chlorine  gas  over  an  intimate  and  perfectly  dry 
lUxtnre  of  chromium  oxide  and  charcoal,  heated  to  redness  in 
i  porcelain  tube ;  carbon  monoxide  is  disengaged,  and  cliromic 
dUoride  sublimes  into  the  cooler  portion  of  the  tube  in  brilliant 
paeh-blossom-colored  scales. 

These  crystals  are  almost  insolnble  in  cold  water,  and  dis- 
lolye  but  slowly  in  boiling  water.  Hydrogen  reduces  them  at  a 
fed  heat,  with  formation  of  hydrochloric  acid,  and  a  chloride, 
Cr*Cl*,  which  crystallizes  in  white  scales  (Peligot). 

Cr^Cl^  +  H'  =  2HC1  +  Cr^Cl* 

If  a  small  quantity  of  the  chloride  Cr^CI*,  be  added  to  hot 
titer,  holding  in  suspension  the  violet  chloride,  Cr*Cl*,  the 
litter  will  be  instantly  dissolved,  forming  a  green  solution. 

Chlorochramtc  anhydride,  CrO'CP,  is  obtained  by  heating  a 
previously  fused  mixture  of  common  salt  and  pota^ium  di- 
^mate  with  sulphuric  acid ;  abundant  red  vapors  are  disen- 
7  P^y  and  condense  to  a  blood-red  liquid.  Thin  body  boils 
;  It  116.8°.  Its  density  at  25°  is  1.020  (Thorpe).  On  contact 
with  water  it  decomposes  into  hydrochloric  acid  and  chromic 
ttliydride. 

CrO*Cl*  +  H»0  =  CrO*  +  2HC1 


• 


404  ELEMENTS  OF  MODERN  CHEMISTRY. 

MOLYBDENXTM. 

Mo  =  96 

Thifl  metal  is  prepared  bj  redaciog  moljbdic  oxide,  VLoff^ 
by  a  curreDt  of  hydrogen  at  a  high  temperature.  It  is  a  white, 
very  hard,  and  almost  infusible  metal,  havinc^  a  density  of  about 
8.6.  It  forms  five  oxides,  MoO,  Mo'Cy,  MoO»,  Mo»0*,  and  MoO», 
and  a  chloride,  which  seems  to  have  the  composition  MoCl^ 

Molybdic  Oxide,  MoO^,  is  obtained  by  roasting  the  native 
sulphide,  molybdenite,  MoS',  which  occurs  in  black  foliated 
masses  closely  resembling  graphite,  and  capable  of  marking 
paper  in  the  same  manner.  The  roasting  is  conducted  at  a 
temperature  not  above  redness,  and  the  resulting  oxide  is  dis- 
solved in  ammonia,  and  the  solution  filtered.  On  evaporation 
and  cooling,  crystals  of  ammonium  molybdate  are  obtained 
which  yield  molybdic  oxide  when  calcined  in  the  air. 

Molybdic  oxide  is  a  white,  fusible,  and  volatile  powder;  it 
is  but  slightly  soluble  in  water ;  the  solution,  however,  being 
acid.  It  is  the  anhydride  of  an  acid  which  forms  a  somewhat 
complicated  series  of  salts,  one  of  the  most  important  being  a 
molybdate  of  ammonium  having  the  composition 

Mo'0^*(NH*)«+4H^O  =  3(NH*)'MoO*+4H»MoO*. 

This  is  the  compound  which  is  formed  when  a  solution  of  mo- 
lybdic oxide  in  ammonia  is  evaporated.  It  is  employed  in  the 
laboratory  as  a  test  for  phosphorus.  When  its  solution  in  nitric 
acid  is  added  to  a  warm  solution  containing  phosphoric  acid,  a 
yellow  precipitate  containing  molybdic  acid,  ammonia,  and  phos- 
phoric acid,  is  thrown  down.  This  precipitate  is  insoluble  in 
nitric  acid,  but  soluble  in  ammonia. 


TUNGSTEN. 

W  (Wolframium)  =  184 

Tungsten  occurs  in  a  number  of  minerals,  associated  prinei* 
pally  with  tin  ores.  Wolfram  is  tungstate  of  iron  and  manga- 
nese. Scheelife  is  calcium  tungstate ;  stolzite  or  scheelttine  is 
tungstate  of  lead. 

The  metal  may  be  obtained  by  calcining  tungstic  oxide,  WoO*, 
intimately  mixed  with  charcoal,  in  a  brasqued  omoible  or  in  a 


cnrreot  of  fajdrogea.  It  has  been  obtained  only  as  &  highly 
ntneUttj,  grayish  powder,  liaving  a  densit^r  of  aboat  19.  It 
it  Dot  mdily  oxidized  dirccily,  except  at  liigh  teoipcratureii. 
It  forms  chlorides,  WCl',  WCf',  WW.  aad  WtT,  and  oxides, 
WO".  WO».  aod  W'0>. 

Tnogitio  Oxide,  WO",  oooura  native  io  a  yellow  powder 
railed  tcol/raminr.  U  may  be  prepared  Troni  aoheelile  orj 
from  wolfram.  The  niiuertil  i»  treated  with  nilro-muriatic  aci4il 
and  the  utidisaulved  rtwidue,  eouHiating  of  tuogxtic  oxide,  isl 
di«olved  ill  niutDuaiu.  Tlie  filtered  solutioa  is  evaporated  to  I 
drynees,  nnd  on  mlciuatioD  the  amuiouium  tnn^tate  leaves  1 
ttifigBlia  oxide  ns  pule  yellow  seules.  It  is  fusible  at  a  higb  1 
temperature,  inwilublu  in  water  ind  aeids,  soluble  in  alltalitw  ' 
eoluiionii  with  formaLioD  of  tun^tnlcs. 

Tuogstic  oxide  is  the  anhydride  of  several  acida  forming 
well-marked  &alt£. 

Normal  tungstic  acid,  H'WO',  is  predpitatod  as  an  ioBoln- 
ble  yellow  powder  when  the  solution  of  a  tungstHle  is  decou- 
poeed  by  ati  excees  of  hot  acid. 

The  alkaliuo  normal  tungsiates  have  the  general  formula 
K'WO*.  Besides  these,  there  ar*  highly  coinplicaled  salts 
derived  from  the  condensatiuu  of  several  molecules  of  the 
normal  eaila.  One  of  these,  known  as  sodium  paratuugstat«, 
it  prepared  on  a  Inr^e  scsle  by  rousting  wolfram  with  Imodium 
hirdraie  and  exhausting  the  moss  with  water.  Ii^  composition 
'n  Na'°W"0"  ;  it  is  used  ns  a  mordant  in  dyeing,  and  has  been  ■ 
recommended  for  renderiug  fabrics  of  vegetable  origin  non-  I 
iofammable.  The  goods  are  treated  with  a  solution  cootaiaiDg  | 
twenty  per  cent,  of  sodium  tungstate  and  three  por  cent 
Hcinm  phosphate. 

The  remaining  elements  are  tetratomic,  some  of  ibem  at 
ume  time  funning  unsaturated  cotnpuunds  in  which  the 
tallio  Atom  may  be  dintnmie,  ns  in  the  oxides  of  tin,  8a"U' 
and  Rti"0.     Or  two  otoma  of  the  metal  may  form  a  bexattiniio 
eouple,  as  in  titanium  sesquioxide,  T)'0\ 

Tin,     ■      '  .     . 


Tin,  titanium,  lirconium,  and  thorium  form  a  group  of 
vrkich  the  chemical  analogies  become  evident  in  a  coiuparison 
of  the  oonpoeitioD  and  relations  of  similar  compounds,  while 
WUin  is  the  most  important  member  of  another  irrnup  of 
■  which  are  associated  together  in  nature,  and  whioh  ars  j 
i  by  certain  chemical  and  physical  pcopenivs. 
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TIN. 

Sn  (St«nnum)  =  118 

Vatnral  State  and  Extraction. — The  only  minenl  of  til 

which  is  wurkcd  \s  the  dioxid.;  {cauiterife).     It  is  fooDd  in 

veins  in  the  uldeat  formations,  or  disseminaled  in  mod  prodnod 

by  their  disaggregation.    The  priDcipol  tin  mines  are  in  India, 

in  Malacca  and  the  island  of  Banca,  in  Wales  and  b  Saxooj. 

Tin  ore  generally  occurs  mixed  vrith  variuua  other  minerib, 

such  as  sulphide  and  sulph-arseuideof  iron,  sulphides  of  copper 

and  tin,  elc.     It  is  crushed  and  washed  in  order  to  remoM 

lipht,  earthy  matters,  and  then  roasted.     The  Eulphidea  iDd 

sulph-arsenides  ore  thus  oxidixed  and  disintegrated,  and  the 

product  is  submitted  to  aiec- 

ond  washing  which  remoiu 

the  lighter  oxides,  leaving  the 

ca.<witerite.     The  latterinlko 

heated   with   charcoal    in  i 

cupola-furnace,  represented  io 

Fig.  119;  it  is  a  sort  of  piw 

malic  furnace,  having  a  hwilli 

at  the  hottou  where  the  mdled 

metal  collects.     Air  is  lilun 

in  through  the  tuyere  D.  Cu- 

bnn  monoxide  is  formed,  ud 

tbi.s  reduces  the  stannic  nzidei 

the  tin  colleciH  on  the  heutli. 

friiui  which  it  Ls  drawn  into 

the  basin  I,  where  it  is  stimd 

Fio.  119.  ^'^  '^'^  "^  green  wood.  Ti* 

steam  and  gases  prudnced  bf 

the  oarbonisation  of  the  wood,  agitat«  the  melted  mass  and  bii^ 

to  the  surface  the  foreign  matter  or  dross,  which  is  romowd, 

The  tin  is  then  run  into  moulds. 

Thus  obtained,  tin  genei^ally  contains  small  quantitia  of 
copper,  iron,  lead,  antimony,  and  arsenic.  It  is  purified  bj 
slowly  heating  it  on  the  hearth  of  a  revcrberatory  i\iniK»l 
the  pure  tin  melts  first  and  runs  out  of  the  fumucc,  while  the 
less  fusible  alloys  remain  upon  the  hearth.  This  method  rf 
purification  is  aillod  tiqaalivn. 

Properties. — Pure  tin  is  a  white  uctid,  resembling  rilvtf  !■ 


r  and  luatre.  ll  melta  at  238°.  and  orystallizM  whon  ' 
f  cooled.  CiTst&ls  of  tin,  bclon^ne  to  the  tjpo  at  tha  | 
_  i  9(|nare  prism,  may  also  be  obtained  by  galvanic  prceipK  ^ 
UiioD  or  Ihe  metal.  Their  density  is  7.178.  That  of  the  ^ 
loDed  iiud  atowly-cooled  uii?tal  ia  7.3^7''l  (H.  Denllu). 

Tin  is  ductile  and  malleable.  Wbea  a  bar  of  tin  ia  bent,  J 
it  TOwduoes  a  peculiar  noise  called  \he  cry  of  lln. 

The  melai  ia  unaltered  by  Ite  air.  but  when  fiuwd,  rapidly  I 
becomes  cuvered  with  a  ^yiab  p«)liult!  of  Dside.  Titi  dift^  1 
aotvcs  in  euneeiitntted  liydrocldoric  acid,  disengaging  hydrogen^  I 
The  action  in  rapid  wht-n  heat  is  applied. 

If  ordinnry  nitriu  auid  be  poured  upon  granulated  t 
tmcTgclic  iu.-tion  takes  p]M«  immediately.  The  tin  ia  converted  <l 
bio  it  white  ponder  ol  dioxide,  und  torrents  of  red  vapors  ore  1 
evolved.  T 

Very  dilnt«  nitric  ncid  attacks  tin  almost  without  disengage-  I 
ment  of  gas.     Aflcr  somo  lime  the  liquid  will  be  found  to  con-  I 
lam  a  small  quantity  of  tin  nitrate  and  ammonium  nitrate. 
The  atujuonia  ia  formed  by  the  simultaneous  reduction  of  water  < 
ud  nitric  acid  by  Lh«  lln. 

HNO"  -f  H'O  ^  20*  +  NH' 

When  tin  ia  heuted  with  u  ci}Uc«ntrHt«d  solution  of  cither 
putfujsiiiu  ur  Biidium  hydrate,  bydriigen  is  diitcngnged,  and  an 
tUialiDc  slaunal«  ia  formed. 

Vies  of  Tin. — TIti  nnteis  into  the  compnaition  of  bronzes; 
it  is  made  into  dishes  and  covers,  and  tlie  thin  foil  in  which 
carious  substances,  sn<h  m  chocolate  and  tebucco.  are  enveloped, 

TVniiin^  of  kitchen  vesBels  consists  to  covering  them  with  n 
lliin  coating  of  tin.  This  prolccU  t^e  copper  or  iron  Irom  the 
icdoD  of  the  acida  which  enter  into  the  composition  of  various 
inicles  of  food.  The  objecte  W  be  tinned  are  first  well  cleaned 
hji  rubbing  ihem  wilb  sand,  and  are  then  dipped  into  melted 
lln.  Aft*r  separating  the  csee-ss  of  nictol,  they  ore  polished 
by  rubbing  with  cloths  dipped  in  sh.1  ammoniac. 
'  7W/)/o/e  is  shect-ironcovcrcd  wilhathin  layerof  tin.  The 
iron  ia  finit  dipped  into  dilute  sulphuric  acid  to  remove  the  \ 
uiide,  it  is  then  rubbed  with  sand,  aud  atWrwards  plui 
sueeeadvety  into  a  bath  of  melted  tall«wand  a  bath  of  tin  covered  J 
with  tallow.  ()n  wnlact  with  the  iron,  the  tin  enters  into  c 
hintrtion,  forming  a  true  alloy,  whiub  booomea  covered  with  *  ' 
euating  uf  [nin  tin. 
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When  the  sorfaoe  of  tin-plate  is  washed  with  a  mixtoie  of 
hydrochloric  and  nitric  acids,  the  superficial  coat  of  tin  is  dis- 
solved, and  the  crystallized  alloy  of  tin  and  iron  is  exposed. 
This  IB  caUed  crystallized  tin-plate. 

COMPOUNDS  OF  TIN  AND  OXYGEN. 

Tin  forms  two  compounds  with  oxygen,  stannous  oxide,  SnO, 
and  stannic  oxide,  SnO'.  The  first  is  of  but  little  importance. 
It  is  obtained  by  precipitating  a  solution  of  stannous  chloride 
by  potassium  hydrate,  and  boUing  the  precipitate,  by  which  the 
white,  stannous  hydrate  first  formed  is  converted  into  a  black 
crystalline  powder  of  stannous  oxide.  When  this  substance  is 
heated  to  250°,  it  decrepitates,  increases  in  volume,  and  becomefl 
converted  into  an  olive-brown  powder,  which  is  a  dimoiphoufl 
modification  of  the  black  oxide. 

STANNIC  OXIDE. 

SnO« 

This  body  is  found  in  nature  in  the  form  of  beautiful,  hard, 
transparent  crystals  of  a  yellowish-brown  color,  belonging  to 
the  type  of  the  square  prism. 

The  wliite  powder  obtained  when  the  metal  is  treated  with 
nitric  acid  is  a  stannic  hydrate,  which  plays  the  part  of  an  add, 
and  was  named  by  Fremy  metastannic  acid.  He  attributes  to 
it  the  composition  5(H*SnO*).  It  would  be  a  polymcre  of 
normal  stannic  acid. 

^°  J  0*  =  (OHVSn*- 

When  heated  to  100°,  this  hydrate  loses  half  of  its  water; 
at  a  red  heat,  it  loses  the  remainder  and  is  converted  into  stannic 
oxide. 

When  ammonia  is  added  to  an  aqueous  solution  of  stannic 
chloride,  a  white,  gelatinous  precipitate  is  formed,  constit^iting 
a  hydrate. 

H'SnO'  =  ^^I I  0* 

This  is  the  stannic  acid  of  Fremy.  It  dissolves  readily  in 
hydrochloric  acid,  and  the  solution  behaves  as  would  an  aqueous 
solution  of  stannic  chloride. 

H'SnO'  +  4Ha  =  SnCl*  -f  3H«0 
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It  reacts  with  the  bases,  forming  stannates  of  wliicb  the 
general  composition  is  expressed  by  the  formula: 


R»Sn(y 


=  |'}o. 


When  heated  to  140^,  or  even  when  dried  for  a  long  time 
in  a  vacuam,  it  becomes  insoluble  in  acids. 

SULPHIDES  OF  TIN. 

Two  sulphides  of  tin  are  known  :  a  monosulphide,  SnS,  and 
a  disalphide,  SnS'.  The  first  is  obtained  by  heating  tin-filings 
with  flowers  of  sulphur :  the  product  still  contains  an  cxeeHS 
of  tin,  and  it  is  necessary  to  again  heat  it  with  a  fresh  quantity 
of  sulphur.     It  is  a  crystalline,  lead-colored  mass. 

Tin  disulphidc  or  stannic  sulphide  is  prepared  by  first  making 
an  amalgam  of  12  parts  of  tin  and  6  parts  of  mercury  ;  this  is 
pulverized  and  the  powder  is  mixed  with  7  parts  of  flowers  of 
soiphur  and  6  parts  of  sal-ammoniac.  The  mixture  is  intro- 
duced into  a  matrass  of  green  glass  and  gradually  heated  to 
doll  redness  on  a  sand-bath.  Sulphur,  sal-ammoniac,  sulphide 
of  mercury,  and  stannous  sulphide  are  condensed  in  the  upper 
part  of  the  matrass,  of  which  the  interior  becomes  covered  with 
a  yellow  crystalline  mass  of  stannic  sulphide.  The  presoncc 
of  sal-ammoniac  and  mercury,  which  volatilize  in  this  opera- 
tion, prevents  an  elevation  of  temperature,  which  would  dccom- 
poae  the  stannic  sulphide.  The  latter  is  carried  with  their 
vapors,  and  condenses  in  brilliant,  gold-like  Hcal(\s,  which  are 
peasj  to  the  touch.  This  body  is  known  as  mosaic  gold.  It 
tt  decomposed  by  a  red  heat  into  stannous  sulphide  and  sul- 
pHur.    It  is  used  for  coating  the  cushions  of  electric  machines. 

STANNOUS  CHLORIDE. 

SnCP 

This  compound  may  be  prepared  anhydrous  by  heating  tin 
^  bydrochloric  acid  gas.  Hydrogen  is  evolved,  and  a  white 
or  grayish  mass  remains,  which  has  a  greasy  appearance,  and 
tt  almost  transparent.  It  fuses  at  250°.  This  is  stannous 
chloride. 

When  tin  is  dissolved  in  hot,  concentrated  hydrochloric  acid 
^d  the  limpid  solution  is  evaporated  and  allowed  to  cool, 
beautifol  transparent  crystals  are  obtained,  which  contain 
B  85 


410  ELXMBinS  OF  MODSUr  CBXMIBfBr. 

Snd*  -|-  2H'0.    This  is  known  in  OMnmeroe  as  tin  nk  or  tb 

dystals. 

The  czystalB  of  stannons  chloride  diaaolve  in  a  anull  qmii- 
tity  of  water,  forming  a  limpid  liquid,  but  whea  treated  widi 
a  large  quantity  of  water,  they  yield  a  olondy  liqnid,  whidi 
holds  in  suspension  a  small  qnanUty  of  white  ozjeUoride. 
The  atmospheric  oxygen  dissolved  in  the  water  takes  part  in 
this  decomposition  of  stannous  chloride,  from  which  it  remertf 
part  of  the  metal,  a  corresponding  quantity  of  stannic  chkride 
(tetrachloride)  b^ng  formed. 

Stannous  chloride  reduces  many  ozygeniied  and  dJorinited 
compounds.  It  decomposes  the  salts  of  sUver  and  meranTi 
setting  free  the  metal.  It  instantly  deodoriies  the  pmpK 
solution  of  potassium  permanganate. 

If  a  solution  of  stannous  dhloride  be  added  to  a  solatioB  of 
corrosive  sublimate  (mercuric  chloride),  a  white  predidtite  of 
calomel  (mercurous  chloride)  is  instantly  formed.  By  addiDg 
an  excess  of  stannous  chloride,  all  of  the  dilorine  may  be  n- 
moved  from  the  mercuric  chloride,  and  a  gray  precipitate  of 
metallic  mercury  will  be  formed. 

Stannous  chloride  is  employed  as  a  mordant  in  dyeing. 


STANNIC  CHLORIDE  (TETRACHLORIDE  OP  TLV). 

SnCl* 


If  thin  tin-foil  be  thrown  into  a  jar  of  chlorine  gas, 
mct<al  will  take  fire,  and  in  presence  of  an  excess  of  chloriiM 
will  be  converted  into  anhydrous  stannic  chloride.  This  v 
liquid,  and  gives  off  white  fumes  in  the  air.  It  was  fomKilj 
known  ^fuming  liquor  of  Ubavius. 

It  is  prepared  by  pa&sing  dry  chlorine  upon  tin  oootained  m 
a  small  retort.  The  anhydrous  chloride  condenses  in  the  le- 
cipicnt  in  the  form  of  a  yellow  liquid.  It  may  be  decoloriiw 
by  rectification  with  a  small  quantity  of  mercury,  which  reno'WB 
the  excess  of  chlorine. 

Tin  tetrachloride  boils  at  120''.  Its  density  is  2.28.  A 
small  quantity  of  water  added  to  it  is  absorbed  with  a  hussf 
noise,  and  the  formation  of  a  crystalline  deposit  of  a  hydnt^ 
SnCl*  +  5H'0. 

These  crystals  may  also  be  obtained  by  dissolving  tin  in  iip* 
r^a  and  evaporating  the  solution,  or,  again,  by  passing  duo* 
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e  into  a  solutioii  of  stannouB  chloride  and  concentrating  tbe 
ution. 

The  crystals  of  hydrated  stannic  chloride  dissolve  in  water, 
ming  a  clear  solution. 

CluuraeterB  of  Stannous  Solutions. — Brown  precipitates 
i  formed  by  both  hydrogen  sulphide  and  ammonium  sulphide ; 
e  precipitate  dissolves  in  an  excess  of  the  latter  reagent. 
Potassium  hydrate  forms  a  white  precipitate,  soluble  in  an 
oess  of  potassa ;  ammonia  yields  a  white  precipitate,  insoluble 
excess. 

An  excess  of  stannous  chloride  produces  a  gray  precipitate 
m^allic  mercury  in  a  solution  of  mercuric  chloride. 
Chloride  of  gold  gives  a  purple  precipitate  (purple  of  Cas- 
is)  in  dilute  stannous  solutions. 

Characters  of  Stannic  Solutions. — Hydrogen  sulphide  and 
unonium  sulphide  form  yellow  precipitates,  soluble  in  a  large 
ceas  of  the  latter  reagent.  Potassa,  soda,  and  ammonia, 
.  form  white  precipitates,  disappearing  in  an  excess  of  the 
^nt. 

Chloride  of  gold  does  not  precipitate  stannic  solutions. 
A  sheet  of  iron  or  zinc  will  precipitate  the  tin  from  cither 
uinous  or  stannic  solutions  in  gray  scales,  which  assume  the 
etallic  lustre  when  burnished. 


TITANITJM. 

Ti  =  60 

Titanium  exists  in  rutile,  anatase,  and  hroohite^  which  con- 
itate  three  varieties  of  titanic  oxide,  and  aifsoeiated  with  iron 
titan iferous  iron  ores.  Cubical  copper-colored  crystals  of  a 
tro-cyanide  of  titanium  are  frequently  found  in  the  cinders 
blast-furnaces  in  which  titaniferous  ores  are  reduced.  The 
etal  can  be  obtained  only  with  great  difficulty,  and  then  in 
e  form  of  powder.  It  manifests  a  remarkable  affinity  for 
trogen. 

Titanium  forms  three  chlorides,  TiCP,  Ti^Cl«,  and  TiCl*; 
lere  are  two  well-defined  oxides,  Ti^O^  and  TiO',  and  possibly 
third,  TiO.  These  compounds  sufficiently  characterize  the 
ement  as  a  chemical  analogue  of  tin. 
Titanium  Dioxide,  Ti(P,  as  before  mentioned,  occun  in 
iree  different  crystalline  forms  in  nature  \  as  square  prisms  in 
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rutile,  square  octahedra  in  anatase,  and  artborhombic  praM 
ia  brookite.  When  prepared  id  a  pure  t'urui  fruni  eitbei  oT 
these  minerals,  it  is  a  white,  infaailile,  iDsoluble  powder.  IJU 
stannia  oxide,  it  is  the  anhydride  of  an  acid  tormiug  i  well- 
marked  seriu 


ZIRCONITJM.  ^H 

Zr  =  SW  ^^H 

This  metal  also  resembles  tin  in  its  chemical  reladoiM.  b 
principal  mineral  if  a  silicate  known  as  zircon.  It  naj  be 
obiaioed  crystallized,  amorphous,  and  iu  a  condition  reaemblisg 
graphite. 

Crystallized  lirconium  may  be  made  by  fosin^  in  a  nrboa 
crucible  putusttium  aud  aircnn  double  fluoride  with  alntniDivn. 
On  cooling,  the  excess  uF  alumlDium  ia  dissolved  io  dilnl* 
hydrochloric  acid,  aod  tirconiam  remains  us  crystalline  pbw 
containing  amalt  proportions  of  silicon  and  of  aluminium.  It> 
density  is  4.15,  and  it  is  less  fusible  than  silicon. 

Zirconium  forms  but  onechluride.  ZrCI*,  which  tnaybafoiwi 
by  the  action  of  chlorine  on  a  highly-heated  mixture  of  ilw* 
nium  oxide  and  charcoal.  It  is  a  white  solid,  which  diasol)* 
in  water  with  the  formation  of  a  hydrated  oxychloride. 

Zirooninm  Oxide,  ZrO",  the  only  known  oxide,  nwj  h 
obtained  from  the  nutive  silicate  zin-on.  The  pnlvpiiKi! 
mineral  is  fused  with  potassium  hydrate,  then  eshansted  lii^ 
hydrochloric  acid,  and  the  solution  evaporated  to  dryaest  H 
separate  the  silica.  The  residue  is  dissolved  in  water,  aodtlit 
solution  treated  with  ammonia,  which  precipitates  hjdratMi^ 
iron  and  zirconium.  The  precipitate  is  treated  with  o%ili« 
acid,  and  ferric  oxalate  dissolvea,  while  insoluble  lircooiBni 
oxalate  remains  and  yields  sirconium  oxide  when  calcined. 

Zirconium  oxide  is  a  white  powder,  of  a  density  bel"e^ 
4  and  5,  according  to  the  temperature  of  tulcination.  It  i' 
insoluble  in  acids,  with  (be  exception  of  hydrofluoric.  I'" 
infusible  when  pure,  and,  becoming  bi«;hly  incandescent  nhw 
heated,  is  an  excellent  substitute  tor  lime  in  the  oiyhydrogeB 
H^ht  (J.  C.  Draper). 

Zirconium  oxide  acts  both  as  a  base  and  as  the  anbydriJt 
of  an  acid  forming  salts  analogous  to  the  silicates. 


TBOHIDH — PIJ.TINCM. 


Th  =231.5 

Thorium  ins  disoover^d  bj  Berzelius,  in  1828,  in  the  min- 
erul  ihoritr,  IVoni  Norwiij,  in  wliit-h  it  exists  as  an  impute 
eilicBle.  It  occurs  in  the  same  form  in  orongdle,  and  associaied 
with  cerium  aud  lanthaiiuiu  as  phosphates  iu  the  rare  mineral 
monasile. 

The  DiKlal  lias  been  obtained  only  us  a  ^Ta;  powder  by  heat- 
ing its  ebloride  wiib  potuaBiuiu  or  nodiuiu.     It  does  uo(  decoi 
pose  water,  bm  hurnn  when  bested  lu  the  air. 

Thorinm  Oxide,  TliO*,  luay  be  prepared  from  iborito  bj 
boiltug  ibo  powdered  mitierul  witb  bjdrodilorie  ucid,  evapor- 
ntiUK  to  dryuess,  nod  exbauEting  the  residue  with  boiling 
After  paieiiig  liydrogen  sulphide  through  the  filtrate,  the  clear 
liquid  in  precipitated  with  ammonia.  The  precipitate  is  die- 
solved  in  lij-dr^ chloric  acid  and  treated  with  potitssium  aul- 
phale;  ■  dnnble  sulphate  crysialliE^sout,  and  this  in  redissoived 
in  water,  and  thorium  hydrate,  Th(.OHJ',  precipitated  by  th« 
add  it  ion  of  am  man  la. 

Tho  oxide  abcaioed  by  ignitios;  the  hydrate  is  hard,  prayish, 
ftnd  translurid.  It  is  inrueible,  and  ia  not  reduced  by  cbarcou 
or  atincked  by  fused  alkalies.  It  is  dissolved  only  by  boiliug 
vnlphuric  acid. 

Thorinm  Chloride,  ThCl*,  is  prepared  by  passing  chlorine 
over  a  healed  mixture  of  the  oxide  with  thiircoal.  It  then 
Tolalilitea  in  short,  white  prisms.  It  is  deliquesocut,  and  a 
solmioii  of  its  hydrate  may  be  obiniiied  by  disRolvini;  thorium 
htdrate  in  hydrochloric  aoid.  Tbia  bydniic  contuins  ThCl'  + 
8M*0,  and,  when  heated,  is  decomposed  with  formation  of 
bjdTOchlorie  acid. 

(Drinin  forms  oxysalts  replaciog  four  atoms  of  bydrogea 
I  adds. 
i 


I 


PLATINTIM. 

Pt    r=    Hl7,5 


^tnnd  State  and  Treatment  of  Flatintun  Ores. — Plat- 1 
B  i»  found  native,  ^entTuUy  in  allnvial  saiids.     It!<  pi 
depoeils  are  in  (he  Ural  Mountains,  Brazil,  and  New  (j 
The  plalinuiD  ore,  extracted  fVom  t)ie  sand  by  washing,  contain! 
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iodepeDdeutly  of  73  to  86  per  ceDl.  of  pUtiDiiii],  varioaB  ottwr 
metals,  such  as  iridium,  palladium,  Tho<)iara.o.smium,ruiheDiani, 
gold,  iron,  ood  copper ;  an  allo^  of  osmium  and  iridinm,  and 
vuriouH  miaeruk,  euuh  as  tiumileruuB  iroD,  chrome  iroD,  pyntes, 
etc.  Tlie  ore  is  well  washed  to  remove  tlie  sand,  and  tteaud 
with  dilute  aqua  regia  which  dissolves  the  gold,  iron,  anil  nip- 
per; it  ia  theD  heuted  with  cuncetitrated  hydrochloric  add  um 
aitric  acid  is  gradually  added.  The  aqua  regis  dieeolvea  liie 
platinum  and  certiuu  of  its  occougmnying  metals,  leaving  tilt 
osmium  and  iridium.  The  solution  is  neutralized  withcooitin 
eurljonatc  and  treated  with  a  eoluliou  of  cyanide  of  mercuij. 
which  precipitates  palladium  cyanide.  A  solution  of  amnii- 
nium  chloride  is  added  to  the  filtered  liquid,  and  forme  u 
abundant  precipitate  of  ammouium  and  platinum  double  cblv- 
ride,  whicn  is  generally  miscd  with  a  small  quantity  of  anuiv- 
nium  and  iridium  double  chloride.  This  precipitate  Is  calcdiwd 
at  a  dull-red  heat,  and  leaves  a  dull-gray,  epon^  residue-  It 
is  tpfingy  platinum.     It  contains  a  small  quantity  of  iriditim. 

To  give  coherence  to  this  sponge  and  couvcrt  it  iiitu  a  nul- 
Icablc  and  ductile  metal,  it  is  reduced  tu  powder  in  a  troodm 
mortar  and  triturated  with  enough  water  to  convert  it  iniu  • 
perfectly  homogeneous  paste.  This  paste  is  introduced  intt  » 
slightly-conical  cylinder  of  brass  or  iron,  and  comprcffied  tiM 
with  a  wooden  piston,  then  by  a  steel  rod.  The  comproBWi 
is  finished  fay  the  aid  of  a  hydraulic  press,  and  the  eli^d)* 
conical  cylinders  bo  formed  are  heated  to  whiteness  and  RJtgw 
under  the  hammer,  as  iron  is  forged. 

H.  Sainte-CIaire  Deville  and  Debray  have  recently  eilW*^ 
the  metal  by  simple  fusion  of  the  ore.  The  fiiaion  is  effow' 
in  a  Icnlicukr  cavity  cut  in  two  large  masses  of  qoictJiiW 
placed  one  above  the  other.  A  current  of  iUuuiinating  gu  ■■ 
directed  into  this  furnace,  and  the  combustion  b  supported  bj 
a  continual  supply  of  oxygen. 

FropertieB  of  Platintlin. — Platinum  has  a  grayish-nti" 
lustre.  It  melts  only  at  the  highest  attainable  teniperainn^ 
The  density  of  the  cual  metal  is  21.1 ;  that  of  the  forged  mfUl 
21.5.  It  softens  at  a  white  heat,  and  can  then  be  forged  un) 
welded  like  iron. 

The  experiments  of  H.  Deville  and  Troost  have  shown  lint* 
red-hot  platinum  tube  allows  hydrogen  to  pass  through  itspoi* 

Platinum  has  the  curious  property  of  condensing  gases  OD  i* 
Burfaoe,  and  this  property  li  the  cause  of  certain  t^emical  pt*- 
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§  propaity  U  most  higlily  dcivt'!<i|icd  in  pliu 
I  thia  form  tliu  mi'lAl  exuttt  in  an  ^xtrrmii  HtAt«  of 
dtviaioti.  U  may  Lw  preparod  by  rvdui-in^  a  solntion  of 
platuite  chlurido  by  nine;  or  pklinum  dieblorido  may  bo  boilpd 
Krtth  [totuasium  hydmlo,  and  alcohol  or  a  wluiioa  of  eii)n 
jjnwlitttlly  adilud  t^  the  liijuid,  which  must  bu  continuiU] 
nuTcd.     Till!  ptutlnuiu  iti  pr<M-i[iitat<>d  &a  a  black  powder. 

Platinum  is  umdt«nHl  by  t)iL>  aor.     It  ia  not  attacked  1; 
eitlwr  nitric,  hjdrui-lilorio,  or  siilphurii!  acids,  even  boiling. 
dinolv»)  in  tuiun  rcf^in.    The  iilkiilinc  tiydratui  atuwk  it  at  high^ 
lemperatureH  on  coutoiut  with  the  air.     It  la  tliu  niuue  with  U 
^kftUne  uitrat(«. 

^^■bere  ure  two  osidus  of  platinatu,  a  monoxide,  FtO,  and  » .1 
^We,  PtC. 


CHLORIDES   OF   PL.\TINUM. 


Theae  uro    ihi>   more   imporlAnt   compouodd  of  platinum. 
Ther^  arc  iwn.  a  dinhloride,  PiCl',  and  a  unrachbride,  PlCl'. 
Flfttmtim  dichloride  is  nhtuinm.!  by  caucioo-sly  beating  tho 
tetrachloride  to  liOlt".     Chlorine  is  di»rnga{^d,  and  ailor  cool- 
ing, the  residue  is  exhausted  with  boiling  wal«r,  which  leaves 
)  oliTe-^reen   powder,  conatitutlog  the   dichloride.     When 
'i  added  to  n  solution    of  platinum  dichloride  in 
dilorio  npid,  a  wocn,  crj-sUillinc  powder  separates  after 
It  is  calW  ^rem  naif  of  Ma^iM,  and  contains 
PcCT  +  2NU' 
J  be  regarded  tis  the  dichloride  of  platinoso-diommonium. 
Pt" 
H' 
H' 
H' 
ii  derived  from  two  molecides  of  ammonium  chloride  by  I 
'  "'■   ■'       if  an  iitomol' diatomic  platiijui    " 
fdrojufu. 

tetrachloride,  or  platinio  chloride,  PtCI',  iaj 


n 
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formed  when  plalinnm  is  dbsolved  id  aqua-regiau 
brovD  aoluiioQ  ia  obtained,  which,  after  concentraiioD  and  oool- 
ing,  dcpoaiu  red-brawn  needles  of  hjdrated  platinio  chloride. 
The  crystals  lose  their  water  when  heated,  and  are  coDTerted 
into  a  durk,  red-brown  mass,  which  constitutes  the  anhydrona 
chloride  PtCI*.  This  budy  ab§orbs  moisture  when  espwcd  tu 
the  uir.     It  is  very  soluble  in  water,  alcohol,  and  other. 

If  a  solution  of  ammonium  chloride  be  added  to  a  aolutioo 
of  plulinie  uhloride,  a  yellow,  crj'stalline  precipitat«  of  plili- 
nuui  and  ammonium  double  chloride  ia  immediately  fonaed. 
This  body  is  but  little  soluble  in  cold  water,  but  mure  soluble 
in  boiling  water,  tiom  which  it  is  deposited  in  microMopK, 
r^ulur  octahedra.    It  ia  almost  insoluble  in  alcohol.   It  oonUtH 

PtCl*.2NH'Cl 

A  yellow,  cryBtalline  precipitate  of  double  chloride  of  plali- 
num  and  potassium  is  obtained,  in  the  same  manner,  on  adiliBf 
a  solution  of  platinic  chloride  to  a  solution  of  a  potoaiiuii  nil, 
if  the  liquids  be  not  too  dilute. 


PtCl'.2Ka 


UM     1 

am  ut  I 
eitnm  I 
!ty,«i   I 


OTHER  METALS  OF  THE  PLATINUM 
GROUP. 

Rhodium,  ruthenium,  palladium,  iridium,  and  osmiam 
associateil  with  native  platinum,  and  are  usually  eztraOed  T 
platinum  residues.  They  are  fusible  with  great  difficulty, 
not  readily  attacked  by  acids.  Their  separation  from  each  ellitf 
is  accomplished  by  tedious  and  complicated  reactions,  but,  villi 
the  exceptiou  of  ruthenium  und  rhodium,  they  possess  ceftuD 
valuable  properties  which  have  found  for  them  application  i° 
the  arts.  They  combine  with  oxygen,  forming  a  series  of 
feeble  bases,  and  a  series  of  acid  oiides.  With  the  ezceptiox  <'' 
the  volatile  oiides  of  ruthenium  aed  osmium,  these  compoDDil> 
are  decomposed  by  heat  into  metal  and  oxygen. 

Bhodinm  ia  less  fusible  than  platinum,  and  almost  iosololi'' 
in  nqiitt-repia,  which,  however,  dissolves  it  if  it  be  alloyed  wil^ 
the  baser  mptaU.  Its  specific  gravity  is  12.1.  It  forms  OlUC 
RhO.  Ilh'O',  and  RhO',  and  a  chloride  Rh'CI'. 

Bnthenilim  is  a.  hard  metal,  having  a  detisitj  of  12.26  it 
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0^,  and  18  more  iDfiimble  than  iridium.  It  is  hardly  attacked 
bj  boiling  aqoa-r^a.  One  of  its  most  interesting  oompoands 
is  a  Tolatile  oxide  BuO.    Its  chloride  has  the  composition 

PaUadinm  has  the  lowest  melting-point  of  the  group  of 
[datinum  metals,  fusing  at  about  the  same  temperature  as 
wrought  iron.  Its  specific  gravity  at  ordinary  temperatures  is 
11.4.  When  a  bright  piece  of^the  metal  is  heated  in  the  air, 
its  surface  becomes  tambhed  from  the  formation  of  a  film  of 
oxide,  but  at  a  higher  temperature  this  oxide  is  again  reduced 
to  metal.  The  remarkable  ^icility  with  which  palladium  ab- 
nrfas  hydrogen  has  already  been  mentioned  (page  51).  Pal- 
kdinm  forms  three  oxides,  Pd'O,  PdO,  and  PdO",  and  two 
ohlorides,  PdCl*  and  PdCl«. 

Lridinm  occurs  with  the  platinum  ores  in  grains  of  platin- 
iridium  and  osmiridium.  Its  fusing-point  is  the  highest  afler 
osmium  and  ruthenium.  It  is  very  hard,  and  next  to  osmium 
it  has  the  highest  specific  gravity  of  any  substance  known,  its 
density  being  22.38.  An  alloy  of  platinum  and  iridium  con- 
taining ten  per  cent,  of  the  latter  metal  is  as  hard  and  clastic 
ss  steel,  unalterable  in  the  air,  and  less  fusible  than  platinum. 
It  b  used  for  the  points  of  gold  pens. 

Iridium  forms  two  oxides,  Ir'O'  and  IrO*,  and  two  chlorides, 
Ii*Cl«  and  IrCl*. 

Osminm  has  been  obtained  in  cubical  or  rhombohedral 
crystab  having  a  density  of  22.48.  It  is  infusible,  and  when 
strongly  heated  in  the  air  bums  into  a  volatile  oxide,  OsO^ 
which  b  dangerously  poisonous.  The  native  alloy,  osmiridium, 
ii  used  for  the  points  of  gold  pens. 
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ORGANIC  CHEMISTRY. 


GENERAL  IDEAS  UPON  THE  CONSTITUTION 
OF  ORGANIC  COMPOUNDS. 

Organic  chemistry  studies  the  history  of  the  compouiA 
of  earboD.  The  most  simple  of  these  are  the  gases  caibon 
monoxide  and  carbon  dioxide ;  each  contains  but  a  single  atom 
of  carl)on.  In  this  respect  thej  resemble  the  inflammable  gtf 
which  is  disengaged  from  the  mud  of  marshes ;  it  contains  one 
atom  of  carbon  combined  with  four  atoms  of  hydrogen. 

The  gai<  hydru«:cu  dicarbide  or  ethylene,  which  has  already 
been  mentioned,  contains  two  atoms  of  carbon  united  with  four 
atoms  of  hydrogen.  A  great  number  of  compounds  are  known 
which  contain  only  carbon  and  hydrogen,  and  they  are  called 
hydrocarbons  or  carburetted  hydrogens.  The  atoms  of  carbon 
are  aggregated  in  them,  together  with  the  atoms  of  hydrogen. 
Other  elements  are  olkm  added  to  the  preceding,  forming 
molecules  more  or  less  complex.  The  carbon  atoms  form  as  it 
were  the  framework,  and  the  carbon  compounds  possess  pecu- 
liar pr(»pcrtios  preci.sely  on  account  of  the  easy  facility  with 
which  the  atoms  of  carbon  accumulate  in  one  and  the  same 
molecule,  and  link  themselves  in  some  manner  one  to  another. 
The  following  developments  will  give  some  idea  of  the  m«fc 
of  (fpnenitlon  and  the  structure  of  organic  molecules. 

The  most  Simple  Organic  Compounds. — Their  Compoii' 
tion  proves  Carbon  to  be  a  Tetratomic  Element — The  most 

simple  of  the  hydrocarbons  is  marsh  gas. 

Wh(»n  this  gas  is  submitted  to  the  action  of  chlorine,  one  or 
more  atoms  of  hydrogen  may  be  removed  from  it ;  they  com- 
bine with  the  chlorine  and  are  disengaged  in  the  form  of  hy- 
drochloric acid  gjts.  The  curious  fact,  first  noticed  by  Dumas, 
is  then  oKserved,  that  each  atom  of  hydrogen  which  is  removed 
is  replactnl  by  an  atom  of  chlorine.     This  snibstitution  giTei 
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stMfl  ol  flilormiitfd  oo 

B  rulittioiut  witli  tuiirsh  ^ 
Mriton  Hill]  hydrogen,  Tko  ctilurim 
it  hy  EubetitntiDti,  fgnn  with 

Ctl'      murib  |cu.  or  mclbane. 

LCil'CI   moDnehlaroniclliantt  (mfllhjl  cblnride). 
CtPCP  dichlaruuialbuic  (methjJdna  cblarid«). 
CHCl*  triflhtoramcthMi*  (ohloroGiniil. 
0C1'       tntnsbloroiaitluDa  (aaibon  (atruliluridej. 
h  of  these  compounds  a  single  atom  of  tarbun  is  u 
'iHdi  four  manaUnnio  atoms.    We  aaxa  sueo  that  the  ui 
oblorioe  and  hydrogen  are  equivalent  aa  regards  their  power 
of  oomhioatiun.     lu  ihe  preuediii^  compounds,  the  sum  of  the 
atonu  of  hj-drw-aii  and  L-Uortue  which  are  combined  with  one 
ab>iii  uf  (.'urbiiii  is  invariably  four,  and  this  number  cannot  be  ■ 
extieodi±U.     But  two  atoms  of  a  moDutouiic  tJemcut  may  be  r^  I 

CUutid  b;  una  atitw  uf  u  dlatumiu  element.  One  atom  of  ca^  I 
un,  whieh  uuites  witli  four  atoms  of  hyilnif^ii  or  chlorine^  J 
may  unite  with  two  atonut  mC  oxygen  to  form  oarbon  dioxide 

CO'" 
and  this  compound  is  mtturattd  like  those  preceding,  for  ona 
al«ia  uf  oxygen  is  eqiiivslent  to  two  atfims  of  hydrogen  or 
vhlorilie.     (a  carbon  monoxide,  CO",  the  afEnity  of  carbon  in 
out  satisfied ;  hunce  this  gas  will  unite  direiilly  with  a 
of  bzyi^u  to  form  earbon  dioxide,  or  with  two  atoms  < 
nne  to  form  chloro-carbonio  gas, 

C0"C1' 
In  ammonia,  one  atom  of  nitrt^n  is  combined  with  three 
itoma  nf  hydrogen ;  nilnigen  tstrtutnmie;  henw  it  may  replace 
throe  atoms  of  hydrogen.  A  Imdy  is  known  which  represenla 
inar<b  gas,  in  which  three  atoms  nf  hydrogen  arc  replaced  by 
<inL'  ai4im  i<f  niuugi'ii.  This  U  the  dangerous  poison  km 
prussio  or  hvdrooyniiii;  at'id,  nnd  the  composition  of  which  ia  | 
[eprencnUnl  by  the  formula 

CN"'H 

In  alt  of  the  compounds  which  have  just  been  mentioned  ■  J 
j<iii|;le  atom  of  carbon  is  invariaiily  nnited  to  a  number  of  ele* 
menlA  of  which  the  imited  utumicitius  is  always  four,  and  never  1 
motK  nor  luss  than  that  number.     It  is  titcn  reasonable 
conclude  that  in  them  carion  pioyg  ihepart  o/  a  uiraiom{»  | 
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demmit.  TliU  importAnt  fact,  Srat  exposed  by  Kekal£,  can  be 
clear);  understood  if  we  repri'sent  the  precediag  atoniic  fonnalo 
in  a  j^uphiu  maDocr,  that  is,  by  ^nibols  so  uraDged  as  to  dtni 
the  rctiprocal  relations  of  the  atoms  and  their  mutual  Mtnn- 
tion.  In  these  formula;  a  saturated  atumicity  ia  indical«llpj 
a  line  uf  union,  two  atomiuitiuji  by  two  Uucs,  &jc. 

H  U  H  CI 

B.-h-u       n-^G\      cw^i       ci-(!m3 


H 


[Ulilan 


a 

CtfcO  C\-h=0  H-CzN 

Guinn  dloikda.         Chlorwartnulc  gu.         Bjdrocyuiic  kM. 

There  e.ziBts  a  very  volatile,  ethereal  liquid,  which  repreMli 
marsh  gas,  in  which  one  atom  of  hydrogen  is  replaced  by  iodicit 
It  is  the  body  known  as  methyl  iodide,  CH'L 

If  this  body  be  heated  for  a  long  time  in  a  sealed  tube  witb 
a  Rolution  of  potassium  hydrate,  potassium  iodide  will  bv  gR^ 
ually  formed,  and  ihc  solution  will  <!on[ain  a  volatile,  apininaiu 
liquid  whifh  tan  easily  be  separated  by  distillation,  for  it  boft 
at  66°.  It  is  the  same  body  whicb  constitutes  the  mixlToi^ 
tile  of  the  liquids  which  arc  formed  in  the  destructive  diatilli- 
tion  of  wood  ;  it  is  called  wood  spirit,  and  it^  chemical  uinc  ^ 
methylic  alcohol. 

The  reaction  by  which  it  ia  formed  ia  very  simple.  ^ 
iodine  of  the  methyl  iodide  combines  with  the  potassium;  btl 
when  this  iodine  is  removed,  the  carbon  remains  uniti.'d  to  W 
three  atoms  of  hydrogen.  It  is  no  longer  saturated,  »nd  H 
therefore  combines  with  the  osygen  and  hydrogen  which  mn 
united  with  the  potassium  in  the  potassium  hydrat«. 
CH'I  +  KOH  =  CH'.OH  +  KI 

It  will  be  seen  that  the  atom  of  oxygen  alone  does  not  ooB- 
bine  with  the  group  CH',  which  is  called  methyl.  It  is  aw* 
panied  by  an  atom  of  hydrogen,  with  which  it  remains  ututrf 
in  tlte  new  compound  which  b  called  methyl  hydrate  <* 
methylic  alcohol.  As  has  been  said,  this  osygen  replaces  ik 
iodine  in  the  iodide  of  methyl,  but  as  it  possessex  two  WmIO^ 
ties,  and  the  carbon  already  united  with  H*  has  only  one  fi» 
atomicity,  (he  atom  of  oxygen  can  only  fix  upon  the  ciirbon  bj 
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tsatomidlies-,  theothor  rcDiains  wtluratoJby  thetttomofa 
.  Tfae  Iiitter  ia  tben  druwu  into  llie  ixunbiuatioii.  and  U 
t  to  iha  carbon,  but  to  thu  oxygen.  The  reaction  lukea 
place  as  if  the  atom  of  iodine  were  replaced  bj  the  group  A^- 
rfrtwy^l  OH)  which  la  nionaiouiie.  Beuee  the  relations  tielwevn 
theMoma  in  methyl  hjiinit«  are  TepnuHinted  by  ihe  fonuuU 
^  H 


H-6-<0H)' 


If  we  compare  the  constitution  of  the  three  bodies  CH'Cf^ 
CH'I,  CH\OH).  we  notice  that  they  contain  a  common  ol». 
mont,  namely,  the  group  CH*,  whJL'h  ia  united  In  chlorine,  tO 
iodine,  or  to  hydrozyl.  Besides  this,  experiment  has  Bho< 
UB  that  methyl  iodide  can  bo  iranafoniied  iiita  hydrate.  ~ 
group  methyl  henee  preecnla  a  certain  atability  and  eun  paac< 
frum  one  eombioatiou  tuunother.  This  is  eipreiwed  by  saying 
that  it  ia  a  radical. 

If  nietliyl  iodide  be  heated  with  an  a()ueoue  solution  of 
ammonia,  among  the  products  formed  will  be  found  the  tiydri- 
odide  of  a  hose  whieh  represents  ammnuia  in  whieh  one  utow 
of  hydrogen  is  replaced  by  the  group  methyl.  Potassium 
hydrate  scto  this  base  at  liberty.  At  ordinary  temjHjratures 
and  pre«Bure«,  it  constitutes  a  gas,  very  soluble  in  water  and 
possessing  a  strong  ammnniacal  odor.  It  is  methylamine.  The 
reaction  by  which  it  is  formed  is  as  follows  :  the  iodine  with- 
draws one  atom  of  hydrogen  from  the  ammonia,  which  atum 
if  hydrogen  is  replaced  by  the  group  CH', 

SCH'I  +  NH'  =  CH'(NH').HI. 
Mrthylimlne  bjati-A\i-. 
methylBmine  then,  the  fourth  atomicity  of  the  carbon 
is  saturated  by  nitrogen,  but  as  this  element  is  triatomic 
it  brings  into  the  combination  two  atoms  of  hydrogen  which 
aUai»te  its  two  other  atomicities.  It  may  then  be  said  that 
"a  methylamine  the  fourth  atomicity  of  carbon  is  saturated  by 
nip  MH'.    This  is  expressed  ia  the  following  formulae. 
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Generation  of  Hydrocarbom  containing  Several  Atom 
of  Carbon. — The  preceding  uonipounda  i-oniain  but  a  single 
iitum  of  carbon,  but  Btarliiig  with  one  of  those  compotmii*  W( 
may  produce  luure  eompheateil  orgunic  inoleculea  coobuniDg 
several  carboD  atoms. 

If  methyl  iodide  be  heated  with  sodium  in  waled  tabn 
sodium  iodide  is  formed,  and  a  gas,  a  hydrocarbon,  is  uodGnJ 
under  great  pressure  in  the  tubea.  This  gas  e8cap<a,  and  Bii 
be  eolleiited,  when  the  drawn-out  points  of  the  tubes  are  optuai 
in  the  blow-pipe  flame.  It  is  dimethyl,  and  bae  been  IbniKil 
according  to  the  following  reaction : 

2CH'I     +     Na'    =    CH*    +     2NaI 

Hsih)']  Iwlida.  ^methyl,  or  eihinc 

Two  moleculee  of  methyl  iodide  have  entered  into  the  rw- 
tion,  and  the  whole  of  the  carbon  of  these  two  moleraloB 
found  in  one  molecule  of  the  hydrocarbon,  CH*  ^  (CH*)*, 
which  results. 

On  losing  tbeir  iodine  the  two  methyl  groups  comWiw  to- 
gether. One  of  the  carbon  atoms  aitrm-ls  the  other,  exchunpng 
with  it  the  I'ourth  uttimicity  set  free  by  the  liws  of  the  ioJine. 
Hence  the  iodine  of  one  of  the  molecules  of  methyl  iodide  Iu» 
been  replaced  by  the  carbon  of  the  other,  which  fixes  uponlh* 
group  CII'  by  a  single  one  of  its  atoniidties,  and  at  the  «»• 
time  brings  into  the  conibination  the  three  atoms  of  liydrop* 
which  saturate  the  other  three  atomicities.  This  is  exprem 
in  the  following  formula; ;  ^^^ 

H  H  H  H     ^H 

H-C-H  H-C-I  H-C-C-tt^B 

H  H  HH       ^i 

Msthine  (melbjl  hrdride).        HsiIitI  lodlilr.    Dimnhf]  (rlhyl  hiiiOK*'*^ 

The  mode  of  generation  of  this  new  hydrocarbon,  wlii^ 
contiiins  two  atoms  of  carbon,  is  worthy  of  considcratinn.  !■ 
results  from  the  substitution  of  a  methyl  group  for  one  atoa  of 
hydrogen  in  methyl  hydride.  One  atom  of  carbon,  accomp*- 
nied  by  three  atoms  of  hydrogen,  fixes  upon  another  atflin  "f 
carbon  of  wbii'h  it  completes  the  saturation.  By  this  eiclwnp 
of  atomicities  each  of  the  carbon  atoms  retains  only  three  iSO' 
itiea  which  are  satisfied  by  three  atoms  of  hydrogen.  Tbt 
two  methyl  groups,  CH'  +  CH'  =  CM',  are  then  united  bj 
their  carbon  atoms,  and  are  held  together  by  the  affinity « 
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a  for  c&rboD.     lu  methyl  hydrate  the  p-nup  hydnoirl  U 


I  U)  the  gn'iip  CH'  by  lliu  uffinily  d"  t 


1  for  osyp 


tethylsmini',  tiiu  group  NIP  U  unilcd  ti 
tile  affinity  of  cftrlxin  For  nitnigDii.     In  dimethyt,  it  is  c 
which  is  uiiitH  to  ^'nrhoti.     This  has  hefure  been  eipreas 
snying  tint  thii  aiflma  nl'thia  Hfinent  fmiwss  a  laculty  toiu 
mnUte  in  one  and  ihp  same  molpeiilc. 

It  is  in  this  '>nri»uij  pniperlyfhaC  miHt  be  soun;ht  ihc  Kano^ 
for  tiip  existent^  of  those  innumenkble  eompoands,  niore  nr  In 
h  in  abtina  of  carbou,  wliieh  eonslitulL'  lite  irameiMt?  BlOi]  a 
c  chemiglry. 

is  iiupurtuut  l«  wtudy  liy  new  csaiu[>!e»  this  mode 
II  of  orpitiic  eoai|i' minis. 
methyl,  whif'h  we  havi:  st'fii  m  pniUueed  by  tlie  avtion 
'  Bodluni  u^HJii  uii-tliyl  iixJide,  in  iiJso  known  aertUyl  liyJride. 
<me  of  il«  atiima  of  hydnif^n  lin  n-plawd  by  an  at^ini  of  chlo« 
riue,  flhyl  eliloridc,  O-H'Cl,  is  .il>tniDoil.    Hthyl  iodide,  CH 
rcjireEeatM  uthyl  hydriili?,  in  whji^h  one  ntjini  of  hydrogen  b 
heea  rHplaeod  by  ic)dine. 

If  a  mixture  of  miithjl  iodide  iind  ethyl  iodide  be  hcal«d  | 
with  sudinin,  nmons  tho  prodiuts&f  the  R'selion  will  be  found 
a  gn«  winiiiinin'i  r'll' ;  it  U  th:-  nit-lliylidi'  of  rtliyl,  rusnlttn^ 
fritm  the  cnii]l»n!tlicn  .if  imhiIivI,  fW.  with  the  jrroup  ethyl, 
i?U\  h  r,-t,roM.-nlH  ,'lliyl  i,.,hd,.  in  which  the  ut.im  of  iodine 
has  been  replmod  liy  a  iiitLliyl  jn^mp,  thi!  txthun  uf  the  latt«r  , 
f^oup  hcin;;  fixiHl  by  one  of  itH  aloiuteilidft  U>  one  of  the  carbon'^ 
al«niH  of  the  Looup  CH'. 

In  the  BuDie  mNniier.  hy  healing;  a  mixture  of  propyl  iodidfl^'l 

II,  and  niutbyl  iodide  wiiti  sodium,  we  mny  ndd  to  th«  1 
|fi  group,  C'n',  a  m-w  atom  of  uirhoii  eseorted  by  it«  throe  ' 
I  uf  hydrogiin. 
I HH  HHH 


HH 

t-C-C-I 

li  n 


H-C-CX^-H 


H  H  H  II 

n-C-(>lVC-H.  eM. 


H  n  H 

Nothing  jirevenlj*  (h< 


H II H  n 

MMliyl.pwpjL  |><I.Uin.J. 

n  "f  thcsr!  ndditions  of  n 


p  from  tile  salnntoil  iodides,  of  whifli  th( 
men  and  fnniiiiire : 


SDiyl  Iwlldn        Prtipyl  lu 


C'lPI      (?H"T,  M.  i 


424  ELEMENTS   OP   UODERN   CHBMISTBT. 

The  folIowiDg  hjdrocarbotis  would  tlien  be  furmed  bbdm» 
aivelj : 
CH»-CH'    C'H'-CH'    C'H'-CH>    CU'-CH*    C'H"-CH»,  «c 

Hnibil-arUijI    MeUijUthTl    UHhjl-pnjpjil    Mribjt-bulTl      HrthjPia^ 
(Eihusi.  iPrupHiii).  (BuUDtj.         <p«nUDT).  (Hruu). 

In  nil  of  these  aiaes,  the  atonui  of  I'sibon  united  togetba 
Ibrm,  BS  it  wore,  &  uontiDued  chain,  aad  the  atoms  of  hj^m^ 
are  (>roup(.Hl  around  them  as  satellites. 

Homolo^ni  Bodiei, — Very  simple  relations  exist  betirEes 
the  Ijydrucarbooa  of  which  we  have  ju«t  studied  the  mode  of 
formatiou.  They  form  a  eerics  of  which  each  member  di^ 
from  the  preceding  by  the  addition  of  CH'.  These  reluioo 
will  appear  clearly  if  the  formulae  already  given  be  repltc«l 
by  the  crude  formulae : 

GH'    melhane.  ^^^1 

CII'    elhane.  ^H 

CH'    propane.  ^H 

CH">  butane.  ^^1 

OH"  pcntano. 

This  group  of  hydrocarbons  constitutes  what  is  called  int 
homoli^uH  HcrieB  of  marsh  gas,  or  the  series  C°H*'" 

Many  other  seriea  are  known,  the  terms  of  which  aj 
to  each  other  in  tho  earoe  manner,  and  ibe  bodies  which  foni 
partof  them  may  preeent  the  greatest  differences  in  oomj 
Sometimes  they  contain  only  carbon  and  hydrogen. 
they  may  cont^n  oxygen  or  nitrogen  in  addition  lo  these  a^ 
ment« ;  in  this  case  the  former  elements  are  united  to  carbon  hj 
one  or  more  of  their  atomicities,  as  has  already  been  intUotM. 

In  any  oi^anic  body  whatever,  if  an  atom  of  hydrogen  nniw 
with  carbon  he  replaced  by  a  methyl  group,  CH',  the  fijirnof 
homologve  of  that  body  is  obtained,  that  is,  tbe  compound  wUtii 
differs  from  the  original  body  by  the  addition  of  CH'.  Thcit 
is  a  great  resemblance  in  physical  and  chemical  prepcnio 
between  such  homologucs. 

Some  of  theBc  homologous  series  will  Ijc  indicated  further **■ 

Immediate  Principles  and  Chemical  Speoiee. — The  fnv 
elemenbi,  carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  nan 
ordinary  elements  of  organic  compounds.  Those  which  *n 
found  in  nature  in  tlie  organs  of  plants  and  animals,  and  MA 
iiavtt  ibflflB  oalled  by  Cbevreul  immedia/e  prim^pUt,  cat 
Vfit  fllfrt^OTaijfegJS^ltur,  which  exists  in  cert&ia  of  tl 
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But  ncnrtj  all  of  the  nlhcr  clctiienli>  can  be  introduced  nrtificially 
into  orgwiic  oompnmids ;  it  U  thus  with  bromine,  iodiDo,  pbofl 
phonis,  areenic,  boron,  silioon,  and  n  great  number  of  i.bi>  ui 

In  iiniling  with  cubun.  in  iJlffoKnt  mannon  and  in  vc 
proportions,  these  elemcabf  form  an  innumerable  niullituile  t 
c»n)[iouniIa,  eiich  of  wliirh  has  a  fix^d  compoeilion  and  de&ui 
prvpi.Ttied.  Th««e  bodies  constitute  the  c/ifmic'il  nyccm,  so  t< 
day.  Whtn  HuUmittvd  to  the  atniou  of  rwifrentw,  all  may  I 
modified  in  a  thousand  uuunerH,  uud  trmiBforujed  i 
other.  Sometimes  their  Co m|KiHi tin ii  IB  BimplifiL'd,  uiit 
ratrbon  aLoina  being  removed  Irom  (he  elmin.  Sometiuee  it  il 
compltutted  by  the  addition  of  new  utonut  of  uiirbon. 

All  of  these  bodies  contain  carbon,  and  arc  diBtinguishadl 
from  each  other; 

1.  By  tho  number  of  carbon  atoms  contained  in  the  moluculo' 

3.  By  the  nature  and  arrangement  of  the  other  atomit  uoin>l 
bincd  with  the  carbon. 

3.  By  the  arrangement  of  all  of  the  atoms  in  the  molecule. 

The  fiKts  relati?c  to  the  atuuiio  vompoHitiuu  of  organic  com- 
pounds are  obtained  by  elementary  aualysia  and  by  the  deter- 
Ktsation  of  the  molecular  weight. 

If  ELEMENTARY  ANALYSIS, 
object  of  olemenlary  analysis  ia  the  dctoruii nation  of  J 
■fik^  nature  and  proportion  of  the  elements  contained  in  anjt  I 
^ven  organic  body.  We  can  give  here  but  a  Hummary  descrip-  I 
tion  of  the  processes  employed,  considering  only  those  which  I 
have  for  object  the  determination  of  carbon,  hydrogen,  and  oi- 1 
trogou.  Thcj<e,  together,  with  oxygen,  are  the  more  ordinary  I 
ulmueuLs  of  organic  combinations.  J 

In  tt  Buhstance  contiuning  i^arlMin,  hydrogen,  and  oxygeOi'.l 
the  firMt  two  elements  arc  deteruuned  directly  in  the  sanurl 
operaUou;  the  oxygen  is  determined  by  difiereniM.  Whea,l 
in  addition  to  thf  liirmrr  clcnientA.  the  body  contains  nitrogeil(A 
the  dot«rmi  tint  ion  of  this  reijuircs  a  separate  operation.  T 

Determination  of  Carboa  and  Hydrogen. — To  determine 
the  proporiiiin  nf  esirlHm  and  hydrogen  foiilained  in  10)1  porta 
'■  '   en  organic  substance,  the  car!«iii  is  converted  into  car- 

le, which  is  collected  and  weighed,  and  the  hydrogen 
r,  which  ia  condensed  and  weighed.    These  operations 
-d  according  to  the  processes  indicated  by  Liebig. 
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For  this  end,  the  organic  matter,  previously  dried  wiili  rar*.  if 
burneii  with  an  excess  of  cupric  oiciile.  The  opcnuion  a  eie- 
out«cl  in  aeouibustion-tnbeof  Iinrdgl3s».  which  is  wrapped  viih 
a  epiral  of  metallic  foil  to  prevent  it  froni  bending  and  sw«il* 
ing  under  the  influence  of  the  heat,  WeU-dri«d  onprie  oiide 
ia  introduced  into  the  tube,  then  an  intimate  mixture  of  the 
substance  to  be  analysed  with  a  large  exoesg  of  ^e  same  oiide, 
and  the  remainder  of  the  tube  is  filled  with  pure  capric  niidc. 

The  tube  is  then  placed  iu  a  combustion  fumtMie,  and  iu 
npen  extremity  is  put  in  eommunication  with  ( 1 )  unV  tvhcjj 
(Fig.  120),  containing  tVagmenls  of  calcium  chloride  in  tlictER<i 
branL-h,  and  pumiue-Btone  impregnated  with  sulpharic  acid  in 
theseeond;  (2)  a  tube  with  five  bulbs,  h,  called  Liebig't  polaili 
bulhM,  containing  a  concentrated  solution  of  polosi^iuin  hjdnte. 
and  followed  by  a  small  U  tulie,  <',  amtaining  pumice-slorM-  io- 
pregnal«d  with  potassium  hydrate  in  the  fiTSt  branch,  and  fn^- 
menta  of  potossiani  hydrate  in  the  m.'cond.  Thctie  di^o' 
tnhea  have  first  been  a<MMirately  weighed.  When  the  «pp»- 
ratna  is  arranged,  the  comhuBtion-tnbe  ia  alowly  heat«d,  nm- 
menuing  at  the  extremity  B,  and  gradually  exIendii^E  the  beat 
so  that  each  part  of  the  tube  is  successively  healed  to  rediKK 
The  water  formed  by  the  combustion  is  collected  in  the  Inl 
U  tube,  the  carbon  dioxide  is  absorbed  by  the  poiaaaium  liT- 
drate  in  the  bulhs.  When  the  operation  is  tvrminatMl,  tM 
drawn-out  point  of  the  combustion-tube  is  broken,  and  cno- 
neetcd  by  means  of  a  C80utch<mc  tube  wiih  a  gnsomeltf  cnn- 
taining  oxygen.  An  excess  of  the  ktler  gas  is  then  pM*^ 
through  the  combustion -tube,  in  order  to  drive  out  the  tlKS 
of  carbon  dioxide  and  aqueous  vapor  which  it  containa  at  tlx 
end  of  the  combustion.  It  is  then  only  nceessary  to  weigh  tl>' 
water  tube  and  the  carlion  dioxide  tubes.  The  incroW  ■■ 
weight  which  is  found  indicates,  on  one  hand,  the  quauti^nf 
water,  and  on  the  other  the  quantity  of  carbon  dioxide,  (*>■ 
duped  by  the  combustion  of  the  organic  matter,  The  taap- 
aition  of  water  and  of  carbon  dioxide  being  known,  it  ia  ei^ 
to  deduce  fVom  the  weight  of  these  two  bodies  the  qoutitKf 
of  hydrogen  and  carlmn  contained  in  the  analyaed  aofaituf' 
and  consequently  the  proportion  of  these  two  elements  to" 
tained  in  1110  parts  of  that  substance. 

Fig.  120  represents  the  operation  towards  its  cIom:  tl* 
oomhuBtion-tube  is  in  the  gas-furnace.  B,  and  communicate, 
on  the  right  with  the  tubes  y,  A,  i.  deigtined  to  receive  l&e  pro- 
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ducla  of  the  onmbiistion,  on  iho  left  with  two  Urge  U  tnbra, 
the  firet  of  which  is  filleil  wiiL  pumii-e-stose  impr^;DM«<l  with 
potjisaium  hyilTat<!  lo  abeiirb  traces  of  curbon  dioiid«,  %bt 
seeond  with  pmnice-etotie  aatuntod  wili  sulphnric  *cid  tn 
ubsurb  moisture.  Through  these  tubes  in  paeued  the  oiran, 
ut  the  close  of  the  operation,  to  t'ipel  the  last  iiortjona  orcanmB 

^ dioxide  and  vapor  of  wal«r. 
When  the  subeUnce  »mntaiu8  <arl>on,  hydrogen,  and  ovfgtt, 
(he  proportion  of  oxygen  is  the  differeni-c  b«lw«eii  the  total 
peruentage  of  carbon  and  hydrogen  found  and  100. 
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Detenninstioa  of  Nitrogen. — Nitrogen  mnv  K,    i,  r,  ^ > 

by  two  processes.  The  first  consists  in  burning  ^  j;ivi'u  wei;;W 
of  the  uitrt^niied  substance  with  an  excess  of  cnpric  uxide- 
The  carbon  of  the  substance  is  conTert4.^d  into  carbon  iliwcidp : 
the  hydrogen  is  converted  Into  water ;  the  nitrogen  is  tUam' 
^nged.  The  gnses,  nitrogen  and  carbon  dioxide,  are  moeiTMi 
in  a  graduated  jar  standing  on  the  mt^renrj-l rough  nnd  mn' 
taining  potassium  hydrate.  The  carbon  dioxide  b  absorbed. 
the  nitrogen  remains.  At  the  close  of  llie  openition,  the  last 
traces  of  nitrogen  are  expelled  by  a  current  of  ciirlwn  dioxide. 
The  volume  of  nitrogen  is  then  measured,  and  Its  vcif^ht  di 
duced  from  its  volnme  (Dumas). 

The  second  process  (Fig.  121)  consists  in  deooi 
nitrogenixed  organic  matter  with  va  alkali  ftt  ■ 
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Bf  this  means  nil  of  the  nitrogen  is  ronverted  i 
The  snbutanc*  is  intimately  miiei)  with  eod*  limej 

\  is,  liuio  imprcgnatod  with  onuftic  soda.     The  mixture  i ' 

ht^ttl«d  to  i«dncM  in  a  tab«  of  hard  glaie,  and  the  amn 
rvcnnred  in  a  tnbe  irith  throo  bulbs  containing  dilute  hydra 
Khlurio  acid.  Ammonium  chloride  in  formed  -  when  the  DpE 
tion  in  terminated,  the  liquid  containing  the  aalt  Lt  mixed  with 
a  tuilutiuu  of  plaiinie  chloride.  It  in  then  evapiirat«d  and 
rjchauBt«d  will]  alcohol,  which  leaves  the  platinum  and  ainmii- 
nium  double  chloride.  2lNH'CI)  +  PtCl*.  The  latter  U  ' 
\ixiAeA  upon  a  tared  filter,  then  washed  and  dried.  Fmui 
weight  is  calculated  that  of  the  uitmgvD  contained  in 
oi^;anie  subelaiiue  i  Will  and  Varrentrupp). 

The  ammonia  disengaged  may  aku  he  received  in  1(1  c 
mntinuitn»  of  a  normal  solution  til'  sulplmriu  at^ict,  that  if 
aeid  liifuor  containing  a  known  quantity  of  sulphuric  acid  i 
a  del^rinined  volume. 

The  slrenglh  of  thia  acid  is  determined  by  neutralizing  ID 
c.c  of  it  with  a  dilute  alkaline  solution  of  known  strength  and 
noting  the  volume  of  the  latter  rei|uired.  The  same  operation 
is  rupeat«d  with  the  10  c.c.  of  which  the  acid  has  heen  [ 
Itally  neutralised  by  the  ammonia.  The  quantity  of  ammo 
mrrMpunds  to  the  difference  between  the  volumes  of  tlie  alki 
line  li(]aiil  nmployed  in  these  two  operations,  and  can  easily  b 
cnlnilalei]  by  simple  proportion  (PeliRot). 

Determinatioii  of  the  Holecolar  Weirtit  of  Organic  8nb>  I 
ttancei, — Elementary  analysiM  permits  the  detcrminution   of  I 
ihi'  [.-eiil<'><ima]  uimposiiion  of  »r;:anic  sulistaiiwH.     Thii^  is  ' 
indispensnble,  but  it  is  insufficient  fur  the  establishment  of 
iheir  atomic  composition,  that  is,  the  number  of  atoms  of  car- 
bon, hydn^n,  oxygen,  and  nitrofr^'n  whieh  are  contained  in  a 
siii^e  molecule  of  a  given  iir^nle  compound.     But  if  the 
weight  of  the  molecule  be  known  (hydrogen  being  taken  as 
unity),  it  is  easy  to  deduce  the  atomic  composition  from  the 
I  j4ven  by  elementary  analyeis,  as  will  be  seen  by  the 
mple.      By  elemcnlMTy  analysis  it  is  found  that  , 
»  of  scetio  acid  contain 

Carlwn 40. 

Ujdrogni 0.67 

OxjFfOD 63.33 

ftiojiib 
I  the  other  hand,  methods  wkieh  will  be  described  hav* 
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shown  that  the  molecular  weight  of  acetic  acid  is  60 ;  that  is  tc 
say,  the  total  weight  of  the  atoms  of  carbon,  hydrogen,  tnd 
oxygen  contained  in  a  molecule  of  acetic  acid,  is  60. 
Hence  by  the  following  proportions : 

If  100  parts  acetic  acid  contain  40       of  carbon,      60  parts  contain  x. 
"  "  *•  6.67  of  hydrogen,    "  "       y. 

"  "  "        63.33  of  oxygen         «  **       u 

From  which,  oe  ^  24 ;  y  =  4 ;  c  =  32. 
Hence  24  represents  the  weight  of  the  atoms  of  C  contained  in  a  moleeole 

of  acetic  acid. 
4  represents  the  weight  of  the  atoms  of  H  contained  in  a  molecule  of  aeetie 

acid. 
32  represents  the  weight  of  the  atoms  of  0  contained  in  a  molecule  of  aeeUo 
acid. 

By  dividing  these  numbers  by  the  weights  of  the  rcspectiTe 
atoms,  the  number  of  atoms  of  C,  H,  and  O  contained  in  t 
molecule  of  acetic  acid  is  readily  determined. 

24  +  12  =  2  atoms  of  carbon. 
4  -h    1  =:  4      "  hydrogen. 

32  -I-  16  =  2      "  oxygen. 

Hence  the  formula  of  acetic  acid  is  C*H*0*. 

After  the  analysis  of  an  organic  substance  has  been  made,  it 
is  only  necessary  to  determine  its  molecular  weight  in  order  to 
establish  its  atomic  composition.  Several  processes  are  em- 
ployed for  this  determination,  of  which  the  most  sure  is  the 
determinaticin  of  the  vapor  density. 

We  know  that  if  one  atom  of  hydrogen  occupy  one  volume, 
the  molecules  of  orjranic  substances  occupy  two  volumes.  To 
find  the  weights  of  these  molecules  it  is  then  sufficient  to  deter- 
mine their  vapor  densities  compared  to  hydrogen  ;  that  is,  to 
find  the  weight  of  one  volume  of  their  vapors,  that  of  one 
volume  of  H  heinur  taken  as  unity.  The  number  found  mul- 
tiplied  by  2  gives  the  weight  of  two  volumes,  that  is,  the  weigW 
of  the  molecule. 

Hence  a  simple  determination  of  the  vapor  density  is  suf- 
ficient for  the  esta))lishment  of  the  molecular  weight.  Ordi- 
narily these  vapor  densities  are  given  as  compared  with  air 
taken  as  unity.  To  bring  them  to  the  hydrogen  scale  it  is 
then  only  iicces.sary  to  multij>ly  them  by  14.44,  which  is  the 
exact  relation  of  the  density  of  air  to  that  of  hydrogen.  Thui* 
the  vapor  density  of  acetic  acid,  determined  at  295°,  has  been 
found  equal  to  2.08S  ((^ahours).  This  number  multiplied  bv 
14.44  gives  for  the  density  compared  to  hydrogen  30.08.    Th* 
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htUna  aamber  fxpreeiiea  the  wciijht  of  oaa  vuluiou  of  wedi 
lunii  vapor,  tli«  wi'i;rlit  of  one  vuluuiu  nf  li^rdruf^ni  b<■in^  v 
BtiliTcd  od  1.     The  weight  iit  lint  Tiiluincd'ur  ihli  rapur,  I 
U,  thi!  weight  of  the  mnlecitli:,  will  tlien  be  2  X  IIU.US  = 
fl().l6,  a  numbur  VL-ry  neiLrly  upprunuliing  til),  the  tl: 
tuiilocular  weight, 

Tho  mQthod  just  tkwcribed  can  only  he  appHi;il  to  si 
whicli  enii  be  Tolntitized  without  deeonipofiitiitii.     I'or  ( 
boilles  Huuthcr  luutliii'l  moat  bo  iidupteiJ.     The  littler  coi 
in  forniiujir  wilh  the  urifaiiic  body  detioitc  combi nations,  tl 
atomic  coiu(iositiuii  of  whiuh  may  be  linown.     We  will  t 
uoDaid^r  acetiu  aeid.     Sidbi  may  bo  Ibrnied  wilh  this  nci 
we  know  tliat  thiM  suits  cuutoiii  oue  aUtiu  uf  metal.    Vi 
thtta  aiialyiw  nilver  acebiba.      lOtI  purta  of  that  salt  c 
frLtif  portal  of  silver.   This  fac-l  being  known,  it  ia  eau)-  to  dchil^l 
mine  the  molecular  wdght  of  ailvur  acctaU;.     Siiioe  tho  !i 
coutaiiui  oue  atoin  nf  silver,  we  ean  mnehido,  if  (H.G'i  port 
nilvcr  are  mntoinix)  ID  lUH  p.iarta  uf  silver  acetat«,  108  parts! 
i>f  silver,  that  is,  one  atom,  nro  mtitaiuod  in  x  parta  of  silvera 
acetate ;  whenw  x  =  167.    This  number  reprosenls  the  moleo-J 
alar  weight  of  silver  acetAt«.     ThaX  of  aoedo  add  tuny  be  de- 
duced by  8ub3(iluliii>;  the  atumio  weight  uf  hydro^n  for  that 
of  silver,  which  -{ivi*  fur  the  mulecukr  weight  of  a<)etio  acid  (50, 

.Vnalflifous  operatiuo!!  und  reitaoaiiii;  ]«rniit  the  detcrmina- 
lioa  of  the  molecular  weighls  of  Iwdisit  pkying  the  part  of 
bB9«e.     They  are  uutubiaed  wilh  an  acid,  the  molttcutar  weighs ^ 
of  which  is  known,  uud  tliu  [ronipositinn  of  the  combinution  I 
fiiTnishtM  (ho  data  for  ihv  valeulation  of  the  molecniar  weight.  J 
of  tho  baae.     This  iu>-thi^  ean  lie  applied  in  a  large  number 
of  analogous  eases,  and  pn^sunts  a  great  generality. 


I30MBBISM.  SIBTAMKRISM,  POLYMERISM. 
Kleitieiitary  nualyniB  di'monolnites  that  many  bodies  whioH  I 
differ  in  their  physieul  mid  rheraicaJ  propartiea.  possess  eaaully  J 
the  HJUue  eeut4!siiuul  eiimpOHition.  Saeh  l>odte8  are  Raid  to  J 
be  uumoriir.  Two  kinds  of  isomerum  exist.  Sometimes  the  f 
iantneric  hudiiui  eontnin  the  name  niiniber  of  similar  atutr 
molecule*  of  the  Kiime  siie,  and  differ  only  by  the  arrange*  fl 
Bisnt  f>f  thfiac  at<inif! ;  sometimes  they  contain  similar  a( 
united  in  tho  siune  properljnn,  but  not  in  the  soiuc  nuoibe 
motoculoa  of  unetjaal  magnitude. 
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In  both  cases  the  centesimal  compoeition  is  the  same,  la  it 
depends  only  on  the  relative  number  of  the  atoms. 

The  first  kind  of  isiimensm  constitutes  mflnmrram;  tbt 
second,  polj/meritm.  Acetic  Ekcid  and  methyl  fonunte  m  a 
example  of  two  metameric  Iwdies.  Kach  oontaius  2  vUim  i^ 
<:arbon,  4  of  hydrogen,  and  2  of  oxygen  ;  their  molecules  in 
equal  in  siie,  but  different  in  atomic  Btructure.  The  latter  lict 
may  be  expressed  by  the  foUoving  formula : 
CH'O.OH  awlic  mid 
C1I>O.OCH  moth;]  rormate 

The  first  expresses  that  acetic  acid  contains  a  group  of  tloma, 
CH'O,  acetyl,  which  is  united  with  hydrosyl.  OH ;  the  swodJ, 
that  methyl  formate  contains  a  group,  CHO,  fomiyl,  which  it 
united  with  oxymethyl,  CH'O.  The  difference  iu  the  aiaws 
urrangement  becomes  evident,  if  tlie  preceding  fcirmulx  be 
dcvclupcd  iu  the  graphic  manner. 

0-H  O-CH* 


CO 
CH* 


ftO 


By  adopting  the  theory  of  atomicity,  chemists  have  ixea  j 
enabled  to  discover  the  atomic  structure  of  a  great  Dnmber  of  J 
combinations,  as  we  have  seen  in  the  case  of  acetic  aai  ■''1 
methyl  formate.  Such  considerations  are  of  great  iinpaiiaM*J 
for  the  interpretation  of  isomerism,  and  we  will  have  frei]aMlH 
occasiDn  t«  refer  to  the  subject  in  the  course  of  this  work.       J 

Acetio  acid  and  glucose  or  grape-sugar  present  an  exiaplM 
of  polymeritm.  Both  contain  the  atoms  of  carbon,  hydrogc^J 
and  oxygen,  unil«d  together  in  the  same  proportions,  but  iblQ 
molecule  of  the  second  contains  three  times  as  many  of  taai^ 
as  that  of  the  first. 


Among  the  more  important  and  better  known  ( 
lymeriam,  may  l>e  mentioned  the  numerous  hydrocarbons  whK 
present  the  centesimal  composition  of  ethylene  or  oleGantgr 
and  which  differ  from  it  by  the  regularly  increasing  n 
their  atoms  of  carbon  and  hydrogen.     These  bodies  foq 
fiiUowing  humolo(^ua  scries ; 


'  ORQAKIC   COaPOCKDa. 


It  will  be  seen  that  butylcn 


1  hydiogen  a 
■s  many.  eU'. 


)ntaias  twice  as  jaavj  carbon 


la  ethjlent!,  bcsjlcoe  contiuus  three  ti 


FUN.CTI0N8  OF  ORGANIC  COMPOUNDS. 


^^P^B  the  Etadj  (il  ninernl   uhemistry  it  haa  been  seen  that 

^DO&a  present  ^;reat  differences  in  properties,  according  to  their 

Oompotution.     &inio  are  simple  and  apt  to  enter  into  eombina- 

cioo  ;  ulheis  are  compuund  and  indifiercnt ;  the  firet  are  more 

r  less  energetic  in  their  affinitii^s.  the  others  saturated  and 

In  one  case,  we  have  examined  either  more  or  less 

rfal  acids  or  ImUfB,  some  of  w  liieh  are  hjdrated,  as  potussa 

1,  others  anhydrous,  as  the  oxideB  of  lead  nnd  silver. 

e  ot)icr  ease,  we  have  studied  the  salts  resulting  from  the 

n  of  the  former  bodies. 

I  orj^ic  chemistry  we  a;rain  encounter  various  kinds  of 
K  which  have  different  functions,  according  to  their  eom- 

y  be  said,  in  a  general  manner,  that  the  propertica  of 

mnd  bodiea  depend  npon  the  nature  of  the  atoms  tmd 

pment  in  the  mtileeule.     In  Ireatinp  of  isomeriam, 

[nfiuenee  at'  the  lntl«r  eondilion  hna  been  indicated;  that 

t!  fonuer  is  Mill  more  po' 

r  and  p()HiM»ium  hydrate  arc  both  constituted,  and  in 
maluguuii  miinner.  "f  three  elementary  atoms.     Eath  con- 
)m  of  (jsygen  united  to  two  monalomic  atoms. 


HOH 


KOH 


t  what  a  difference  in  tlieir  properties  1  Bnt  may 
ncpected  when  it  is  lonsiden^d  that  one  eenlains 
1  melol  poluB-xiuiii.  in  the  place  oeeupi«d  In  (lie  othar 

e  light  pis  hydrogen?     Is  the  ilifferenee  between  pofossa 
'  r  grpatur  thiui  that  between  )>ot«ssium  and  hydrogen  ? 


* 


I 
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And  if  for  the  two  atoms  of  hydrogen  Ird  mhetitate  two  alons 
of  chlorine,  is  it  not  to-  he  expected  that  hjpochhmroB  mk 
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the  molecule  of  which  is  similar  in  starnotiire  to  that  of  witer, 
shall  differ  from  the  latter  in  its  properties  as  moeh  as  dik- 
rine  differs  irom  hydrogen  ?  It  is  thus  that  the  nature  of  the 
elements  contained  in  compound  bodies  is  the  dominant  oondi- 
tion  in  the  manifestation  of  their  pnmerties. 

The  following  considerations  are  of  a  nature  to  demonstnte 
the  truth  of  this  proposition  inasmuch  as  coooems  oigaoie 
compounds : 

MONATOMIC  COMPOUNDS. 

Saturated  Hydrocarbons. — ^The  hydrocarbons  belongiiig 
to  the  series  of  marsh  gas  are  all  saturated.  Oonsider,  for 
example,  CH' ;  all  of  the  atomicities  of  two  atoms  of  oirboD 
are  satisfied  by  the  union  of  the  latter  together  and  with  six 
atoms  of  hydrogen. 

HH 

I    I 

H-C-C-H 

I    I 

HH 

Ethane,  or  ethyl  hjdride. 

It  is  the  same  with  oil  of  its  homologues;  the  hydridas  of 
propyl,  butyl,  amyl,  et<!.,  are  all  scUurated  hydrocarbons,  i»^ 
be  seen  by  (Icvoloping  the  formula  of  any  one  of  them,  pentane, 
for  example : 

HHHHH 

I     I    I    I    I 

H-C-C-C-C-C-H 

I    I    I    I    I 

HHHHH 

Pentane,  or  amyl  hydride. 

All  of  these  bodies  are  incapable  of  fixing  other  elentsD^ 
by  direct  addition,  but  they  may  be  modified  by  $uhitUfUSffi^ 
that  is,  one  or  several  of  their  atoms  of  hydrogen  may  ^ 
replaced  by  other  elements. 

Monatomic  Chlorides,  Bromides,  and  lodidas.— By  ^ 
reaction  of  bromine  upon  any  of  the  hydrocarbons,  we  ibMJ 
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_.  compounds  oontuning  an  atom  of  bromine  in  tli 
■'  atom  i)f  hjdm^isa. 

C"H»     +     Br"     ^     CH'Br     -J-      HBr 

EWtimt«d  and  indifferent  hydrocarbon  is  thus  couverted  J 
'Ida  m  bromide. 

The  ociTTespunduig  ubiuride  nnd  iodide  exisl,  jHnjHe^ing  iht 
Kwue  ciinstiLutiun  act  the  [jriniitive  hydrooarbun,  imd  formiof^l 

»b  tha  fotlciwing  sericit : 
C>n*      ethku*. 
C>ll>OI  rthyl  cbloriita. 
,  CU'Srcthrlbronidi). 

CH'I    elhyl  lodlilB. 

To  the  other  hydrocarbons  cunvepond  chlorides,  brotuide8,J 
und  iodides  nnaiogiius  U)  the  ]irecc«liug.  Thus,  the  following  9 
poup«  are  known : 

KCU*     mctbanc.  C>U"      pontiDo, 

Ca'a  mHbj]  dliloriile.  OQl'CI  itaiyl  ohlgride. 

CH'Br  ihbUiiI  brauijE.  Olpllir  lunyl  brucoidu. 

Cn'I    methjlludldc.  0>U"I    ■ra;l  iodids. 

nf  th(«e  bodies  may  be  made  to  undergo  the  moat  varie4 1 
tr»nsfrtnniitions.  They  niay  be  attaoked  by  a  number  of  r6^  I 
agente,  to  whieh  they  preaent  a  hold,  as  it  were,  ance  the  chlo-  | 
rine,  bromine,  nnd  iodine  whii'h  they  coiitiun  are  gift* 
power&l  aifiniticfl. 

The  reaidne*  resulting  from  the  fiubtruelion  of  the  chlorine,   i 
hrominc,  nr  iodine  then  enU-r  iut<i  other  I'ombinalions.     It  wilt  \ 
arked  that  these  residncM  represent  the  saturated  hydro- 
id  trom.  whieh  one  atom  of  hydrogen  ha^  been  removed. 
CH*    —  H 
CH*  —  H 
CH"  — H 
m  atoms  of  carbon  cont^ned  in  thes<*  residues,  CH',  C'H', 
JH",  are  no  longer  entirely  saturated,  sinee  CI,  Br.  I,  or 
»  been  removed,  elements  wliicli  saturati'd  <me  atomicily.  I 
Pnerefore,  l.heae  residues  are  eiipuble  uf  entering  other  com-  i 
biualione,  hut  as  tliey  possess  only  nne  free  atuinieity,  they  enn  I 
euly  sBlnntte  one  when  they  combine.     Tliis  is  expressed  byl 
■aylof;  that  they  play  the  part  of  mnnatomic  radial*.     Tfaa  I 
chlorides,  bromides,  and  todideH  frum  wliiuh  they  are  derived  i 
»T(f  ^cjoajolres  monalomio. 


CH"  =  CH'Br  —  Br,  o 
CH"  =  CH'Br  —  Br,  o 
C»H"=  CH"Br—  Br,  o 
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Aleoholi. — The  neutnl  oi^Bnio  Hydrates  oonesponduig  to 
the  preceding  chlorides,  bromides,  and  iodides,  are  allied 
alcohols. 

If  ethyl  iodide  be  heated  for  a  sufficiently  long  time  with 
potassium  hydrate,  potassium  iodide  will  be  formed,  and  the 
alkaline  liquid  will  contain  alcohol  which  may  be  separated. 

This  body  is  ethyl  hydrate  and  is  formed  according  to  the 
following  reaction : 

CH*!    +    KOH    =    KI    +     C?H*.OH 

Ethyl  iodide.  Ethyl  hydrate. 

It  is  formed,  as  is  seen,  by  double  decomposition.  The 
potfu^ium  having  removed  the  iodine  firom  the  ethyl  iodide, 
the  monatomic  residue  C*H*  combines  with  the  monatomic 
residue  Oil.  Alcohol  is  then  the  hydrate  which  corpespoods 
to  the  iodide,  C*H*I,  and  to  the  hydrocarbon,  C*H*.  Analo- 
gous hydrates  correspond  to  the  other  hydrocarbons  of  the 
8iime  series ;  they  constitute  the  series  of  monatomic  alcohols, 
and  may  be  defined  as  derived  from  the  saturated  hydrocarboitf 
by  the  substitution  of  the  group  hydroxyl  for  one  atom  o( 
hydrogen.  The  alcohols  now  known  are  numerous ;  the  follow- 
ing are  some  of  them  : 

CH^.OII  methyl  hydrate,  or  methylic  alcohoL 

C"^n\OII  ethyl  hydrate,  or  ethylic  alcohol. 

CH'.OH  propyl  hydrate,  or  propylic  alcohol. 

CM18.0II  butyl  hydrate,  or  butylic  alcohol. 
C^H^.OH  amyl  hydrate,  or  amylic  alcohol. 
(;6ui3  oji  hexyl  hydrate,  or  hexylio  alcohol. 
C^His.OH  heptyl  hydrate,  or  hcptylic  alcohol. 
CIl^'.OH  octyl  hydrate,  or  octylic  alcohol. 

Each  member  of  this  series  differs  from  that  which  follows 
by  — CH'.  All  are  allied  by  analogous  properties.  These  two 
conditions  characterize  homologous  bodies.  The  aleohob  of 
which  the  general  formula  is  C"H*'"*''''OH,  form  one  of  themo^t 
important  series  of  homologues. 

If  one  of  these  alcohols  be  heated  with  hydrochloric,  hydro- 
broinic,  or  hydriodic  acid,  water  will  be  formed  and  the  alcoh^' 
will  be  converted  into  a  monatomic  chloride,  bromide,  or  iodio^- 
In  this  reaction  the  hydroxyl,  OH,  is  replaced  by  chlorin^j 
bromine,  or  iodine. 

C^IROII     +     HCl    =^    WO    +     CH*C1 

Kthyl  hydrate.  Ethyl  diloride. 

The  bodies  thus  formed  are  the  monatomic  chlorid^}  ^ 
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midea,  or  iodides  Ixrfnre  ronsidcrcd.  These  experiment  expose 
the  relatiaiu  which  cJtJHt  botweun  tho  latter  iwmpounds  and  the 
eorrc^ponilinj;  hydraice,  which  are  the  iJoohulfi, 

Honftbasic  Acids. — Acetic  acid,  which  existe  in  vinogar,  i§ 
s  derivative  of  iJcuhol,  uf  which  it  U  one  of  tho  prixluet«  of 
cixidatiou.  It  ia  furiued  uoder  many  conditionn,  one  of  which 
is  thu  oxidaiiim  nf  alcohol  vapar  ou  twDtact  with  platiuuni 
lilack  and  tlie  air. 


CH'.OH     -f     0' 


CIPO.OH     +     ffO 


la  this  renctiiin  hd  iiUnn  of  oxjaeu  removes  two  aloms  of 
hjfdro(?ea  lo  Ibnu  irater,  and  the  pTaee  of  ttitae  two  mnux  of 
hjdrij;en  b  filled  b^  luioLhpr  otoni  of  oxygen.  The  grouii 
ethjl.  CU\  thus  beeonies  the  ^aup  acetyl,  C'H'O,  and  If 
alctihul  he  the  hydrule  of  ethyl,  lUNitJa  acid  in  the  hydrate  of 
lyl.  We  e«n  aut^iunt  for  this  reaction  by  developing  the 
add  according  lo  the  principles 


alse  of  uleoliol  and  ai 
ixploined. 

H  H 

H-C-{>OH     +     0' 
HH 


H  0 


H 


Rlom  18  combined  with  two 
i  group  liydroiyl,  whili 
atom  of  oxygen  and  a  group 


In  alcohol,  the  second  carbon 
atoms  of  hydrogen  and  with  on 
aeetie  acid  It  lit  combined  with  an 
hydro  xyl. 

Acetic  aind  oontaim  two  oIoub  of  carlxiD  united  together, 
and  oouibined,  the  one  with  H',  the  second  with  O  and  OH. 
It  in  thus  formed  of  a  group  OH'  united  to  b  ^oup  CO-OH 
=  CCH.  There  exist  many  other  ncidg  analogous  to  aeetie 
wid,  nnd  Jerived,  like  it,  by  oxidation  of  the  monatomic  aloo- 
hols  of  the  serien  C°H""OH.  All  of  these  acids  eo&tain 
u  hydrocnrbon  group  anaJogous  lo  methyl,  c<jn]bined  with  the 
group  C'O'H  :=  CO-OH.  The  liydrogen  of  the  latter  group 
ean  he  readily  replaced  by  an  ei^nivalent  iiiuuitity  of  metal. 
This  hydrogen  is  raid  to  be  strotigly  basic,  and  all  of  the  or^nnic 
aoAa  which  contain  a  single  group,  CCH,  unite<l  to  a  hydro- 
np,  are  mwiobaaic  like  acetio  add.  The  homolognai 
t  form  the  fallowing  hi 

a?" 


.4 
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C  B'  0"  =      H  -CO"H  formic  acid. 
C<  H'  0>  ^  C  U>  -CO>E  xeMie  Mid, 
C  H<  0<  =  OU'  -00*U  praplonio  uid. 
C*  H'  0"  =-  C>U'  -CO«U  botyrio  Kii. 
&  U»0"  =  C*H»  -CtPU  v»l«ri«  Mid. 
C  H"0'  =  C»H"-CO«H  eaproie  aeid. 
C  ll<*Oi  ^  (.^1I'>-C0'H  nnBDthlis  Mid. 
C  HiiOt  _  CH'MIO'H  apijlio  wOd. 
C  Hac  =  C'U"-CO'H  p«Urgaiilo  uid. 
CttH^O'  =  CH"-CO>H  oi^irio  acid,  oW. 

The  first  series  of  formulie  indicates  simply  tbe  luton  ui 
tiumbor  of  atoms  contained  in  the  acids  of  the  series  CH^< 
They  are  empirical  formultB.  The  second  series  jnve*  certaii 
indiuatioDS  upuu  the  relations  esisting  between  these  tUmt. 
Tliey  are  rational  Ibrmulse,  and  when  developed  so  as  [o  «i- 
presa  the  relations  between  all  of  the  atoms,  they  become 
coMlltutional  forumlw. 

Compouad  Etlierii — The  compound  ethers  are  comlHn*- 
tiona  wliich  represflnt  acids  of  which  the  hydrogen  hi*  been 
replaced  by  an  alcoholic  group. 

If  one  of  the  alcohols  of  the  preceding  series,  ordinsTy  >1i»- 
hoi,  for  example,  be  heated  for  a.  long  time  with  acetic  »oi 
water  will  be  formed,  and  a  volatile,  neutral  liquid  posseaaiagu 
agreeable  odor  may  be  separated  from  the  product ;  thii  n 
stance  is  ethyl  acetate,  or  acetic  ether.     It  is  formed  ii      "^ 
to  the  following  reaction : 


On  comparing  this  compound  with  alcohol,  we  find  tbil  il 
is  formed  by  substitmion  of  the  group  CHK),  the  exirteoM  "f 
which  is  admitted  in  acedc  acid,  and  which  is  colled  mx^ 
for  one  atom  of  hydrogen  in  alcohol ;  and  this  atom  of  tijwO' 
gen  which  is  replaceable  by  acetyl  is  that  which  ia  uiuud  W  U*^ 
oxygen  in  alcohol, — that  whieh  forms  a  jiart  of  the  hydrMJ" 
group.  Tile  other  atoms  of  hydn^n,  those  whieh  coMOW 
part  of  the  group  CH',  eaunot  he  replaced  by  acetyl. 

All  of  the  acids  can  form  with  alcohol,  and  indeed  witli  ■■ 
of  the  alcohols,  compounds  analogous  to  ethyl  aeetate,  »"" 
these  combinations  are  called  compound  elkers.  The  propeW 
possessed  by  the  alcohols  of  ctherifying  acids  is  general  oA 
characteristic  of  this  class  of  componnde.  Alcohols  wll>'* 
require  for  etherification  but  a  single  molecule  of  an  acid  ^ 
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ogooB  to  ftoetio  add  arc  called  roonalninic.     Many  exist  whiJ 
are  not  included  in  ihc  prtMsslinj;  ecrits. 

Aldehydes. — Aixtk  ucid  ia  aot  llie  ooly  product  < 
(ixidatiun  i>f  alcohul.  TIiltc  is  another  mmpound  int«rme- 
diutt^  bi'lwei'ti  these  two ;  it  results  from  the  ac-lion  of  n  single 
atoiu  <)f  oijgcn  upon  the  niolecnie  of  alcohol,  which  thus  lose^ 
two  Mtoins  uf  hydrogen  without  other  change.  The  n 
pound  is  aidehydc. 

CH'O  +  0  -=  HMJ  +  CH'O 

AlcahoL  Alilehyil*. 

It  is  a  yery  volatile  liquid  having  a  great  tendency  to  become 
oiidixed  Bi)d  converted  into  acetic  acid.  It  forms  cryBtalline 
Miiuhinutiunfl  with  the  alkaline  acid-aulphites.  To  the  other 
olcohiils  of  the  series  CH'"*'0.  and  other  adds  of  ihe  Beries 
CD.'"©',  correspond  compounds  analogous  \u  aldehyde  by  their 
~       "  rm  the  foflon 


compoHtio 


d  by  their  properties.    They  form  i 


>ll0W]Ilg 


C»H<0 
CH<0 

c*n»o 


aldghjile  i 


evtaMclii'ilo. 


lehjdD,  < 


CH'O     +     CaCO' 


AoetoneB. — When  cAlcium  acetate  is  submitted  todrydisdtl 
ktion  n  neutral,  volntile  li(|uid  is  obtained,  having  a  piMtoliSl.l 
aromatic  odor,  and  known  by  the  name  auelone, 
(  CH'O' 
tCH-C 

lam  uMbIs.  Acataiit.  l^IcIubi  Mrbi 

0  the  other  ands  of  the  acetic  acid  series  correspond  bodies 
toalugoua  to  acetone,  and  forming  with  it  a  homologoua  series. 
Theev  acetones  are  relat«d  hy  properties  and  coupofiition  to  the 
iJdehydes.  Like  the  latter,  they  form  crystalline  eouihinations 
'  '    "'       "    "        leid-sul  pi  litis.     It  may  he  eonEidered  that 


vith  the  alkalit 
irhile  aldobydr  h  tht^  liydr 
idc  of  acetyl,  and  tliiit  in  p- 
2  aabatitiition  of  an  alcohol 
a  of  hjdrogeu  in  the 


^Uttimbsiit 
^^■ttomof 


if  ucetyl,  acetone  is  the  mt'thjl- 
L'rnl  the  acettnies  are  derived 
griiup,  analogous  to  methyl, 


ildchydes  eonuidered  us  hydrides. 


CH'-CO-CR' 

Idc).  Acstano  (ucljl  melhrlld. 

1.  acetone  eoutoins  two  methyl  ^oups  united  to  a  gri 
(cMibonylJ.     Its  mode  of  formation  jus^es  this  couchis 


,  for  I 
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»  shown  in  the  following  equation,  in  which  the  constilalioHl 
fomiula  of  acetic  acid  is  employed  : 

^^"™y>Ca    =     Ca'CO'    +     CH'-CO-CH' 

Clcliin  tn-ii.ls.  Cilduni  orbanUe.  AoIob*. 

Ghloridea  of  Acid  Badicals. — In  the  preceding  compouoib 
we  have  admiited  the  esiatence  of  a  group,  CHV  ^^  CfT-CO, 
existing  in  combination  with  OH  in  acetic  acid,  ClTO.Ofl, 
with  hydrogen  in  aldehyde,  CWO.U,  and  with  methyl  in  see- 
tone,  CH'O.CH'.  A  compound  is  knowa  in  which  this  sune 
group  i»  united  with  irhlorine.  Acetyl  chloride,  CffO-Q,  u 
H  monatoinic  chloride,  like  ethyl  chloride,  CH'Cl,  from  wlwh 
it  ia  distinguiuhed  by  the  strongly  electro- negative  nutue  of 
its  radicul. 

If  acetyl  chloride  bo  poured  into  water,  it  dissppeus  u  > 
short  time  with  development  of  heat  and  the  formation  of  ueCu 
and  hydrochloric  acids. 

CH'O.CI     +     H'O    =     CIPO.OH     +    HO 

Acetf  I  chlorlils.  Ju^liemrM. 

To  acetyl  chloride  correspond  other  chlorides  which  contiin 
radicals  of  aeida  analogous  to  acetic  acid.  When  they  »« 
trestted  with  water  they  yield  hydrochloric  acid  and  (he  ki^ 
corresponding  to  their  radicals. 

CH'O.CI  CHK).OH 

CH'O.OI  CTH'O.OH 


CH'O.OH 


Amidef.— If  acetyl  chloride  be  treated  with  amnonUi 
moniuni  chloride  wilt  be  formed,  together  with  a  solid.  [leittW' 
nilrogeniied  body  cidled  ncetamide. 

CH^O.Cl  +  2iiW  ^  NH'Cl  +  CH'O.NH" 

There  are  many  other  compounds  similar  to  acetamidt'  *^ 
known  by  the  name  ann'dex.  They  are  formed  hy  (Iw  it^ 
of  ammonia  upon  organic  chlorides  analogous  to  aoe^  oUurii'- 
They  are  also  formed  by  the  action  of  heat  u[>od  the 
niacal  salta  of  the  monobasic  acids.  The  iMter  coUr  . 
then  lose  one  molecule  of  water,  and  are  converted  into  •mid* 
CH'O.ONH'    :=     Cn'O.NH'     +     HK) 


? 


UOKATOUIC    CnHPOIIHtlB. 


AoeUmide  may  be  re^ardeil  an  amiuoniu  ui  whii^li  i 
of  hydrogen  has  been  repUceil  Ly  tlic  TDilieal  uvciyl. 
^_  \  H  (  CH'O  {  CTi-O 


-\"  -'  U 


mpound  Ammoniaa,  or  Amines.  —  If  »Uiyl  iodide 
lii^ted  with  uiuDiDtdu,  khm  of  Llic  pruiJiii^ta  uf  ihe 
he  the  hydriudidc  iif  u  baiM  dcrivi'd  froKi  luiuuoniu  bj 
■titution  iif  un  ethyl  gruup  for  ut>  utiim  of  hydrogen. 
^K  CT1»I     +     NH'    =    (CH'}NH'.HI 

^^^Bb  thiB  reaction,  other  ethylat«d  bases  ure  formed,  indepeni 

^iSly  of  clhylamine,  among  which  niubt  be  mentioned  diechyT- 

atnini:  and  triethylamine.     All  present  the  most  striking  anal' 

opy  to  nnimonia.     They  m&y  be  regarded  an  ammonia  in  which 

one,  two,  or  three  atoms  of  hydrogen  have  been  replaced  by 

I  two,  or  three  ethyl  gronps. 
H)  CH»)  CW) 

H  ^  N  H  ^  N  CH'  [  X 

Hi  Hi  h( 

ARinnmit.  Elhjluiln*.  DlettarUmfne. 

he  other  alcoholic  groups,  C°II*''',  tan  in  the  same  man- 
replace  one  or  more  Htoins  of  hydrogi^n  in  iimmimiH,  The 
t«aiiltii  are  bases  having  conpititulions  analogous  to  those  nfthe 
frthyl  bases.  They  are  called  amiivji,  or  compound  aramoniat. 
It  is  rweessary  that  the  signification  of  tie  ifirmula  above 
tjiven  nnd  those  that  are  to  follow  shall  be  clearly  understood. 
T^ey  aro  examples  of  typical  notation,  and  indicate 
tions  of  the  compounds  with  the  type  ammonia. 


N 


n 


^^S*h 


N"' 


brttoe  joining  the  three  hyilro^n  atoms  edgnifies  t^ 
whole  three  are  united  to  u  single  atom  of  triatomle  nitn 
jrcn,  with  whieh  each  exchanges  one  atomicity;  this  may  1 
'  by  writing  the  fortuula  for  ammonia  thus : 
H 


N"'--H 
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What,  thien,  takes  place  when  one  or  more  atoms  of  hydro- 
gen are  replaced  bj  a  group  like  ethyl?  The  latter  exchanges 
one  atomicity  with  the  nitrogen  atom,  precisely  as  the  hydro- 
gen atom  did,  and  combines  with  the  nitrogen  by  one  of  the 
atoms  of  carbon  of  the  group  ethyl,  CH'-CH*,  which  requires 
the  satisfaction  of  one  atomicity. 

This  is  clearly  expressed  in  the  following  graphic  formnlc: 

H  H 

(!jh»-ch» 


N-Cff-CH« 


Sthylamine. 


Diethylamine. 


However,  such  formulas  would  be  too  cumbrous  for  ordifitiy 
use,  and  our  formulas  must  be  more  condensed. 


^H 


^H 


N((?H»)» 


Ethylamine.  Diethylamine.  TriethjrUunioe. 

Fhosphines. — Arsines. — Stibines. — There  exist  several  se- 
ries of  combinations  belonging  to  tlie  same  type  as  the  com- 
pound ammoniius,  but  in  which  the  nitrogen  is  replac-ed  by 
phosphorus,  arsenic,  or  antimony.  These  compounds  are  de- 
rived from  the  hydrogen  compounds  of  pliospliorus,  arsenic, 
and  antimony  by  the  substitution  of  one  or  more  alcoholic 
groups  for  one  or  more  atoms  of  hydrogen. 

H)  (7H*)  CHM  C^HM 

H  ^  P  H  f  P         C^H»  [  P         CH»  [? 

H  \  n   )  H  )  C^H*) 

Hydrogen  pboflphido.  Ethxlphudpbine.  Dietbylphosphine.    TriethylphoqiUn*- 

H)  CH')  CH»)  CH') 

H  ,^  As  n   [  As        CH»  [  As         CHH  Aa 

H  ^  H  )  CI  3  CHM 


Hydrogen  arsenldo.    Metbylarslne. 

HfSb  

Hydrogen  nntinionide. 


Dimetbylarsine 
cbluride. 


Trimethylanine. 

CH'^  [  Sb 
(?HM 

TriethylfltibiM. 


Organo-metallic  Compounds. — Ethyl  and  its  congende 
compounds,  methyl,  amyl.  etc.,  can  enter  into  combination  not 
only  with  nitrogen,  phosphorus,  arsenic,  etc.,  of  which  they 
saturate  one  or  more  atomicities,  but  with  a  large  number  of 
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metAla.     Tline,  rinc,  wKich  is  diiLtomic,  can  wirabine  willi  two  | 
MhTl  groups  U>  form  liiio  ethvl- 

Mercurj,  hImi  dii>U>iuic,  can  uail«  with  one  or  two  ethyl  a 
muthf  I  ifriiapii,  etu.  In  the  umhuiiJ  caec,  itic  new  combinadop 
i«  wtunTW ;  iu  tUc-  first,  it  U  monatomic,  (Hg"CH')',  and  r 
i|uireii  Tiir  sururutiuii  nu  lU^iui  of  a  iiiunatomic  clement,  at  | 
niDnatomic  gT<'up>  iodine,  for  example, 

r,..  (  CH«  „  ,,  r  C'H» 


Biimuth,  which  i 


!,  cftQ  fix  three  ethjl  grgups. 


Bi'"  i  CH' 
(CH' 

Slanno-tetrethyl  is  formed  by  tlie  union  of  four  ethyl  groiq 
witk  one  atom  of  tetmtomiu  tiri. 

If  the  four  atmnicitiea  of  tin  be  not  all  gutiflfied,  non-a&ttt-  J 
i^ted  uoiupounda  may  be  formed. 

-CH' 

Hurna-iriutliyl. 

the  free  8tal«,  but  atannn-triethyl9 

'"  '    set  at  liberty,  c'oinbinin"" 


,  .,  f  C'H» 


f  CH' 
•  \  C'H'  c 


Stanno-dieihvl  is  known 
*loubIes  iu  moJcculi 
^ith  itself.  08  it  can 

ISn'-iCU*}' 


combine  with  iodine. 
(Cn>)'Sn''-Sn"(CH'|'=  8n'(C"H'/. 

Nun-3ittuTa(«d  compounds  ure  npl  to  combine  with  other 
*!iemi?nl»  ur  radicals.  Stauno-telreithyl,  wliitli  is  saturated,  does 
i>i>t  [lossusa  this  &uulty. 

The  bodies  juat  mentioni-d  belong  to  the  class  of  orgaMh  1 
"^tallie  compoand*.  Their  study  is  of  great  unpOTtance  in^ 
'q«  history  of  the  atomicity  of  tbc  meiAls,  that  is,  their  poweil 
"f  ^afuration.  The  theorutical  cunaidenlinns  Concerning  thenT 
'"m-f  been  discussed  by  Prault!nnd,  Baeyer,  and  Caiiourt. 
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Xoiiatoiiiie  Bafioali. — From  the  pieoeding  sommaiy  buj 
be  understood  the  position  occupied  in  organic  chemistiy  bj 
certain  groups  containing  carbon,  groups  that  are  distinguished 
as  monatomic  because  thej  can  manifest  but  a  single  atomidtj. 
Only  a  single  monatomic  atom  or  group  is  wanting  that  all  of 
the  carbon  atoms  contained  in  these  groups  maj  be  entiielj 
saturated.  These  groups  of  atoms  or  nuii<»ls  cannot  exist  ii 
the  state  of  liberty,  but  they  can  pass  from  one  compound  to 
another,  replacing  a  single  atom  of  hydrogen  or  other  moo- 
atomic  element,  and  consequently  playing  the  part  of  that  ele- 
ment in  the  new  combination.  This  is  expressed  by  saying 
that  these  groups  act  as  monatomic  radicals. 

To  indicate  the  constitution  of  the  combinations  oontaimng 
such  groups,  and  especially  the  metamorphoses  that  they  maj 
undergo  by  exchanging  these  radicals  by  double  decomposition, 
it  is  convenient  to  distinguish  the  latter  by  unique  expressions, 
occupying  a  place  in  the  formula  distinct  from  that  of  the 
other  elements.  The  composition  of  aU  of  the  bodies  which 
have  just  been  reviewed  may  be  represented  by  veiy  simpfc 
formulae,  by  comparing  them  to  hydrogen  compounds,  such  as 
free  hydrogen,  or  hydrochloric  acid,  water,  and  ammonia.  The 
notation  then  assumes  a  typical  form,  exceedingly  clear  for  the 
interpretation  of  the  majority  of  reactions. 

The  following  are  the  typical  formulas  for  the  eombiiiatioiu 
that  have  been  considered : 


Tm  HH. 
EUljl  chloride. 

(C?H'0)C1 

▲oetyl  chloride. 

(CH'O)H 

Aldehyde. 

(CH'0)(CBP) 

Aottont. 


Ttpi 


S} 


0. 


(C*H*) 
H 


}° 


Ethjl  hydrate. 

(Cff) )  0 

(CH>) ; " 

Ethyl  fixld*. 

(CHKg  }  o 

Acetic  acid. 

(CHH))  )  Q 

Ktli7l  uatst*. 
86* 


(CH»)  1 
(CH»)  VN 

Dfethytamloe. 

(CH») ) 
(CH»)  f  N 
(CH»)  3 

Tri^thftuniiie. 

H 
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If  cUorine  and  olefiant  gas,  or  ethylene,  be  mixed  in  equal 
YoliUBes,  both  gases  disappear  and  are  converted  into  an  oiljr 
snbBtance,  which  was  formerly  called  Dutch  liquid.  This  body 
results  from  the  combination  of  a  molecule  of  ethylene  with  a 
molecule  (two  atoms)  of  chlorine.     It  is  ethylene  chloride. 

CH*    +     CP    =    CEHil^ 

Xthjlent.  EtliyleM  chloride. 

If  the  oonstitntion  of  ethylene  gas,  CH*,  be  compared  idth 
that  of  the  saturated  hydrocarbon  ethane,  C'H',  which  like  the 
former  contains  two  atoms  of  carbon,  it  will  be  noticed  that  it 
contains  two  atoms  of  hydrogen  less. 

C*H«  —  H«  =  CH* 

In  ethylene  the  six  atomicities  of  the  pair  of  carbon  atoms 
are  not  saturated.  Hence  that  gas  can  absorb  directly  two 
atoms  of  chlorine,  bromine,  or  iodine  to  form  a  saturated  com- 
pound. 

H   H  HH 

II  II 

-0-C-  Cl-C-G-Cl 

11  II 

HH  HH 

Ethylene.  Ethylene  chloride. 

It  is  a  diatomic  radical,  and  it  can  exist  in  the  free  state 
because  until  other  atoms  are  presented  to  satisfy  the  atom- 
icities of  the  two  atoms  of  carbon,  those  two  atoms  are  bound 
together  by  a  double  affinity.  Thus,  H'fcCHl  One  of 
these  bonds  is  loosed  when  the  ethylene  manifests  its  affinities 
and  enters  directly  into  combination,  because  tlie  affinity  of 
carbon  for  chlorine  or  such  an  element  is  greater  than  its 
afiinity  for  carbon  Ethylene  is  the  first  of  a  numerous  class. 
The  following  bodies  form  with  it  the  homologous  series  O^W 


HH 

I  I 
H-C-C-H 

I  I 
HH 

Ethane. 


[2n 


0»H« 

C*H8 
C5HW 

CTH" 
C»H»« 
C«HW 


ethylene. 

propylene. 

Dutylene. 

amylene. 

hexylene. 

heptylene. 

ootylene. 

nonylene. 

deoylene,  etc. 


^  r  sese  ^^isai  ut^  toie  *i>  isL  nreoij  cvo  icons  of 
w«t>i— m  r  T?imnb.  T^ien.  :iie^  soer  inm  a]iiifa[iLi&>iL  tkej 
j^c^  Zj»r  *iuA.*tf  :  "TT.  jK>iiK>  >f  ijiitniesflL  T^j  ■**"  |aaB  by 
j}(u:L«r  .£rLT.'3ir*'a£n'.Ti  7'iiL  •Or  .t>mD»iiiiiii  "St  iita}c&i£r.  lod  cKidr 

Xsmie  ^.'*wwni»  ]r(BfQai& — The  ^viftiu*  ir**  i^^mjioaDds 

riir   T'  '.^i-r:.    '^5'  3|-  TLtT  Je  :T*niaL-rf I  )5'  Tw»>  ij'irjiji  swaps 

.  £       -nil  -Til-  T^giinwi-r   ■nimntmrTtiif   j^  .^rh -r tawt*.  iliilTdzate. 


7^:-    "iTi    j:;.<izls>    -r  I'^^ip-si^Hi  inin^i  '-t  zha  *^iT3in  in  the 
:"  _r  :""■  ir  'irs  n  irrr-u  nay  bttrii  "le  rvouRjed  bj  *dd  iidi- 


7     -'.:--'i'-    Lil;  *  LT-ir*.    r    'riiniirr  rrr^^L  \?«T«p>nd  the 
'  _"..  -'        .1:-    r_i.-r  1 "  ur  t:ir^«  n:?  i«'iii«:u:!£»:afi*  with  ethWene. 

7:-  :   -■  y.:iLi  ^'v  l-^  lt-  ini  *n. 

i  -     -  -  »  • 

■  '  R 
r^.i-     .-  TT  -iij.x  j-r*:..  etc. 

Ar  j'ir.  i  -rru-h  ■  :'  Tr.-;-^  ?j--«i:-i*  ir?  'jr-uped  a  sreat  number  of 
fif-rrii' '.'.-'.  ATa-.:ij  viiwh  we  ..-^n  oaiv  cuniiJer  the  ethen.  ocm* 

m 

Ethers  of  the  Glycols. — The  tthers  i.f  the  glywb  result 
from  »fi«:  -■ro-riTiiri'.n  ■»!*  alc<ihnlii:  nr  acid  radicals  for  the  hvJp^ 
ut'ti  hi'  i\if'  'Toiiii.-^  OH.  One  nr  >;nth  nf  these  hvdrogenj*  may 
h»r  thiH  pj»I;ir<-d.  and  thi?  tulKiwini:  t-xumples  will  illustrate tne 
♦•onHfitufinn  of  tin;  rouipounds  s«>  t'omied : 

"    i  (Mf  ^^"   j  O.C'JP       ^"   I  OH  ^"  i  O.CHH) 

MoiiMliflif;  glji-iil.        DlMhyllc  iflycvl.       Glycol  inonacetate.         Glycol  (U>n^- 
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c  and  Sibasio  Aoids. — Dialomic  acids  feaull  froiqj 
lidatiou  •<('  dio  trlyi'olii.  The^  funuutiuii  mid  uuustitn 
Fnay  Ui  undiraLJod  Ij  dt-vclopinf;  tin-  I'urumla;  of  I 
kjdrooarboos  whiuh  cuiiatitutf  the  rndii-HU  nf  thvsv  giyoulii^ 
CMiaary  glycol  luay  yield  twu  itcidd  by  uxidutiou,  tlie  fiiAll 
resulting  ^m  tbe  nubtititutiun  of  ttn  atum  af  oxygon  for  two  I 
ttpma  Iff  liydrti^en,  ihi!  seuind  from  the  substilutinn  of  tw»  I 
Btoius  of  oxygen  for  four  utoiiis  of  hydrogtn.  The  fgU«wuq;.| 
fiinuuUe  expre^  the  uoiislitution  and  dcrivution  of  ihese  comrl 


CHVOH      OH'.OH        CO.OH 
6h'.0H      60.OH         dlO.OH 


Olyuotlic  and  uxniio  acids,  whiuh.  are  produced  by  thr  oxida- 
aon  of  glyixil,  are  bntii  diatniiiic  becausi'  ihey  are  Hoth  derived 
&om  a  diatomtu  aliM>hoI ;  but  the  first  is  mtmobasic  because  it 
coatMns  but  a  single  at«m  of  hydrogen  tliiit  tnn  be  rephieed  by 
1  motel.    The  socoDd  Is  dibasit,  for  it  contains  Iwu  atoms  of 
hydrogisu  tliat  are  replaceable  by  an  efjuivulent  quantity  of  nietaJ, 
This  basic  hydrogen  is  thtit  whieh  funuH  part  of  the  group 
CO'H.    Oxalic  acid  is  wimpiiscd  simply  of  two  groups -CO'H;  1 
it  i&  di)>asic     Glycollie  acid  contains  but,  one,  and  it  is  consb^  J 
ciuently  iniinobasic.     The  hydrogen  united  to  the  oxygen  iaM 
the  group  -CH'.OH  is  oalk-d  alcahoUc  hydrogen  ;  it  may  be  | 
replaced  by  nn  acid  radical,  but  it  cannot  he  easily  replaced  by  1 
a  metal,     All  bodies  containing  a  groop  CH'.OH  are  alcohols,  | 
and  all   bodies  containing  a  group  CO.OH  are  acids.     The  \ 
alcohols  and  acids  are  (bus  defined  by  their  constitution.    Gly^   I 
collie  acid  is  at  the  9amo  time  an  alcohol  and  an  acid,  for  it  j 
contains  both  a  group  CH'.OH  and  a  group  CO.OH.  '  I 

There  exisia  a  scries  of  acids  homolngoiis  with  glycollio  acid,  J 
and  another  series  homologous  willi  oitiiic  acid.  Both  series  I 
Appertain  to  the  sufierior  diatomic  ujcohols.  I 

Diatomic  Ammonias  or  Diaminei. — Coinpoonds  exist  I 
nhii'h  hold  ihe  .-iiiu.'  n-latioii  lo  tliB  diiiiimiie  alcohols  as  ethyl-.  1 
amiue  and  itn  boiuoiogues  to  the  nionnI'>iniu  alcohols.  Suck  ■ 
a  cotDpoand  ia  ctbylcne-dianiiiio.  Its  relations  with  ethylene  I 
chkiriue  and  glycol  are  expressed  hj  the  following  formula! :       I 

rriT.^Cl  (^rfiAiif  PTT-^^Jf'  I 

CH  <(,,  PH  von  '-^  <Sll'  :  ] 
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AlooholB  of  Higher  AtonucitT. — There  are  ilooboli  of 
higher  atotnicitj ;  jrlyoeriD,  for  (.■xiimple,  is  a  Irialomie  alco- 
hol. It  ixmtuins  a  radical,  CU',  wbic-li  ie  iriBtomic  ainN  iti« 
derived  from  tlie  saturated  hydroearboD  CH*,  by  the  Mbmo- 
tion  of  three  atoms  of  hydrogen.  Erjthrite  is  a  tetndOTiic 
alcohol ;  it  contnins  the  Ifltratowic  radical  CH'  ^=  CH"     "' 


Lastly,  the  Bwcvt,  sngar-like  pubRtanvc  derived  from  mMu 
and  Known  ae  niuuiit«  hi  a  hesatomic  alcohol.  Tlieie  u« 
nnmerom  mmilar  Bubetmoes  which  are  Alcufaols  of  higV' 
atomicity.  The  following  formulEe  expresa  the  compoa^iiiii 
and  the  functions  of  these  polyatomic  alcokoh : 

CH^"  ]  OH  CB"'  i   Xu  CH^COH)' 


(oh 


OH 


Aruund  iheee  bodies  are  grouped  the  numerous  txirnefooi- 
ing  derivatives,  ethers,  acida,  etc. 

It  will  be  seen  by  the  preceding  conBiderationa  that  the  aea- 
tml  hydrates,  called  alcohols,  are  highly  important  in  them- 
Helves  and  on  acHjunt  of  the  derivatives  which  attach  tc  them. 
Hence  the  elements  of  a  natural  clossiGcation  of  organio  on'^ 
pounds  are  deduced. 

C05IP0tJNDS  OF  CYANOGEN. 
Oay-Luesac  gave  the  name  cyant^n  tu  the  radical  of  pnu' 
or  hydrocyanic  acid,  which  was  diM'overed  by  f^cheele  in  176^ 
This  radicai  b  composed  of  one  atom  of  carbon  and  one  kIob  ^ 
nitrogen.  In  hydrocyanic  acid  it  is  united  with  hjdn^l  J" 
the  cyanides  it  is  combined  with  the  metals. 

HfCN)'  K(rNy  Hg''(CN)' 

H:r<l>™7>'ile  UU.  PdIiuIiiih  UTiiliMs.  Horsijr  cthMl 

The  preceding  compounds  may  be  compared  with  ibe  a"* 
sponding  chlorides: 

HCI  KCl  HgCI' 

HTdrocblorlr  ikW.  PoliiMiqm  chlaiidt.  Merrpr-c  cWot*. 

It  is  somewhat  remarkable  that  polassium  cyanide  it  BV' 
morphons  with  potassium  chloride. 

In  the  preceding  compounds,  cyanogen,  which  is  auDfOui  <" 
an  atom  of  carbon  and  an  atom  of  nitrogen,  plays  a  put  )W- 
ogouB  t«  tJxot  of  chlorine.    It  is  a  monatomicrai£ctJ;  oiVOg^ 
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which  is  tiiatoDiic,  cmi  italurat«  oa\y  three  of  the  tour  stomid- 
litrH  whi(;h  n<eidQ  in  un  alum  iif  cuHkiii.  tienvc  lli«ri'  ri>niaiiia 
iiim  Trtv  iLtiiuiicitj,  aiid  i'j'auiig<?ii  can  net  aa  u  mcinalomic  nuli- 

All  of  the  oompounds  of  c^Hoogen  are  prcpired  from  potoft- 
eiuui   ferrocy snide,  or  yellow  prussiate  of  potaah,  which  ii  | 

»dGBCrit>ed  on  page  454.  ^^^^H 

CYANOGEN.  ^^^| 

Formation. — Cvanosen   occurs  in  small  ouftntilies  in  the  ' 


Formation. — Cyaoogen  occurs  in  sinall  quaatities  in  the 
gases  Iroui  hia^st'TuToaces.  Nitropicn  and  carbon  combine 
together  with  difficuity,  bat  their  direct  iiDion  tukes  place  in 
presence  of  potassium  or  potuaiam  carbonate  at  a  high  tem- 
perature. When  oiiri^en  jzaa  is  passed  over  an  incandescent 
mixture  of  carbon  nnd  potassium  carbooaie,  potaseium  cyanide 
ia  farmed.  A  larger  yield  of  cyanide  i»  obtained  if  the  nitrogen 
ia  replaced  by  animuojii  ^.  Also,  if  ammonia  gas  is  pa&xed 
over  iacaDdeRcent  charcoal  in  a  porcelain  tube,  ammonium 
cjaoide  la  formed,  aod  may  be  condensed  la  crystals  in  a  cooied 
receiver  (KuhlmaoD). 

C     +    2NH'    =     NH'.CN    + 

Cyanogen  is  hIpo  farmed  by  the  dehydration  of  ammoniniB 
oxalate,  when  that  salt  is  treated  with  pboeplioric  anhydride. 
This  reaction  allows  cyanogen  pas  to  be  regarded  as  the  nitrik 
of  oxalic  acid.  A  nitrile  is  a  cyanide  which  may  be  concerted 
into  an  acid  by  hydration,  with  elimination  of  ammonia,  by  th« 
«ctioa  of  an  alkBiioo  hydrate 

CO.ONH-  ON 

liOO.VH-     =       ON     +     *™ 

AmmDuJuni  via1b(«.  O/wiokfd. 

Preparation. — Memory  I'yanidu  is  licaLctl  in  a  small  retort 

.filled  with  a  delirery-tubi.'.    The  mercury  volatilizes,  and  a  gaa 

■*"  discn^^agcd  which  may  be?  uullceted  over  mercury.     There 

tains  in  the  retort  a  solid  brown  mass  which  poasesees  the 

le  compoaititm  aa  cyanogen,  aod  ia  known  as  paraegunogen. 

Hg(CNr  =  (CNj'  +  Hg. 
Oonpoiltiaa  and  Properties. — Cyanogen  ia  a  colorleaa  gas, 


4 

^      J 

4 


_   ^.filled 
Lt;^  dis 

^bnai 
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pofisessiDg  a  strong  odor  of  bitter  almondB.  It  may  te  etdj 
fiquefied  by  a  pressure  of  4  atmospberes  or  a  temperature  of 
— 25°  Its  density  is  1.8064  compared  to  air,  or  26  compared 
to  bydrogen.     Tbis  is  free  cyanogen. 

It  bas  separated  from  tbe  mercury,  wbicb  is  condensed  in 
little  drops  in  the  dome  of  tbe  retort  Tbe  atom  of  mercaij 
was  combined  witb  two  gronps  (CN),  wbicb  unite  together 
wben  tbey  separate  from  tbe  mercury,  and  remain  combined 
together  in  tbe  gas  wbicb  is  disengaged.  Tbe  latter  contaiiu 
CN  combined  witb  CN.     Its  formula  is : 

NC-CN  =  (CN)«  =  Cf 

2  volumes  of  tbis  gas  contain  two  atoms  of  carbon  and  two 
atoms  of  nitrogen. 

Tliis  composition  may  be  demonstrated  by  eudiometric  analy- 
sis. 

2  volumes  of  cyanogen  and  4  volumes  of  oxygen  are  intto- 
duced  into  a  mercury  eudiometer.  On  tbe  passafi^e  of  an  electric 
spark  tbcre  is  a  flash  of  blue  light,  and  the  volume  of  the  gas 
is  not  changed.  If  a  solution  of  potassium  hydrate  be  now 
passed  into  the  eudiometer,  the  six  volumes  of  gas  will  be 
reduced  to  two. 

4  volumes  of  CO^  are  formed  j 

2  volumes  of  N  remain. 

2  volumes  of  cvanogen  then  contain  the  carbon  contained  in  2C0^th*t 
is,  C2,  and  N-*. 

This  is  expressed  by  saying  that  the  formula  of  cyanogen,  CN'  =  CjF*, 
corresponds  to  2  volumes. 

On  contact  with  flame,  cyanogen  takes  fire  and  bums  in  the 
air  with  a  purple  flame,  yielding  carbon  dioxide  and  nitrogen. 

Wiitor  (lissijlves  lour  and  one-half  times  its  volume  of  cy*"' 
o<ien.  When  this  solutiim  is  left  to  itself  it  deposits  brown 
flakes.  It  then  contains  in  solution  urea,  ammonium  carbonate, 
animunium  cyanide,  and  ammonium  oxalate. 


Cyaiiugeii. 

4W0 

Ammonium  oxalate. 

C'.V 

— 

ll'O 

—     HCN     +     ^^'^N 

Cyanogen. 

Hydrocyanic  acid.      Qyanic  add. 

+ 

H^O 

—     CO'      +    NU» 

Qyudoadd. 

Ammonia. 

■"U  formed  by  the  latter  reaction  combines  with 


HVDROCi-ANIC   ACID. 

tha  eynnio  acid  to  form  ainmriDmiu  cjnnate,  which  becomoi 
contrertcd  into  urt-a,  ut  will  be  sei-n  i^liDrlly. 

It  Is  ti  curious  fiict  tlmt  in  lliu  prciMrnn-  <it'  a  sianll  qiiantin 
of   nlduhyde,   tlie   decomjitisitiDn   of   an   atjiieoiiu   aiilutifrn 
cywaogen  jitilda,  almost  entirely,  but  one  jimduet, — oxAiuide. 

If  a  fragment  sf  polaA§ium  be  heated  in  tyanogen  |_ 
brilliant  flash  of  light  takes  pWe;  in  wnnbiuing  with  cyanogt_ 
jiotjubiiun  be<!on»«  incandesvvnt.   futiwaium  cyanide  is  fonneJCj 
(CN)'  +  K*  =  2KCN 

In  ihia  ninction,  eynnogen  coinbinefi  directly  with  a 
Ii  acts  M  a  dtnple  element,  such  an  chlorini'. 

Pimiejanogen,  wliicli  has  been  inenlioned  before,  is  a  pdljg 
mcridc  of  cyanogen-  When  it  b  'quickly  heated  t«  redness,  v 
—  x.^,j]j  tranHformed  into  cyanogen  gaw. 


■-'^  1 


HTDROCTANIC   ACID. 

(mhtsbic  acid,) 

HON  =  HCy 

PreparatioiL — Gay-Lnssoc   prepared   hydrocyanic  aeid  I; 

i^miryeyan''       ■■■  ■     ■      '•    ■       -• 


bleating  II 


with  hyilrocbloric  auid. 
r  ]irocei»  cnn state  in  ileeoniposinfrpnissiatcof  potaa 
(potas^uui  ferrocyanidej  with  sulphnric  acid,  ii  parte  of  t' 
sjt  in  fine  powder  are  heated  in  a  retort  with  d  parts  of  si 
(iburif  acid,  previously  diluted  with  14  parts  of  water. 

The  neck  of  the  retort  a  inclined  upwards,  sii  that  the  ai 
ous  Tapors  are  ooodensed  and  run  back  into  the  retort,  w 
llie  va^Hjr  of  pFuasie  acid,  which  is  very  volatile,  is  dried  I 
pilSMl^(-  throujjh  a  tube  containing  calcinui  chloride,  and  ( 
dciii'ed  ill  u  reeeivi?r  plaeed  in  a  freezing  mixture  of  ice  : 


PropeitieB. — This  acid  is  a  uutorli 
stile  liijiiid,  having  a  penotriilini;  odur  i 


I,  limpid,  and  t 

Dblin^  tliu: 


f  filial 
iimds.     Its  density' at  7"  is  (i.7UiJU.     It  boils  ut  :^0.5°,  atrf 

solidifies  ti)  a  oryBtnllinc  iuogs  at  — 15°. 
It  scarcely  reddens  blue  Utinns-pnper. 

IneandeMi'nt  bodr,  it  takes  fire  and  bun 

ligbtJy  tiMod  with  violet. 


4S3  BLSHBNTfl  or   1I(H>KBK  craBMtBTBT. 

It  does  Dot  keep  long  in  the  pure  state.  It  beoHiKB  btows, 
and  ifl  finally  converted  into  a  sulid,  brown  maae. 

It  dissolree  ia  water  in  &1I  proportions.  A  »)lntion  eoiitus- 
ing  2  per  cent,  is  used  in  medicine. 

When  hydrocyanic  acid  ia  niised  with  itfi  own  toIqum  of 
concentrated  hytbxichloric  acid,  ihe  uiisture  gels  liot  and  Mon 
deposits  abundant  cryslals  of  aumioniuni  chloride.  The  «J«- 
s  formic  acid. 


HCN    +     2H'0    =    CH'O'    +     NH" 

HjiJrorTmDiG  «dcl.  ranute  acM. 

InreactioDfi  witli  thchydracide,  hvdrocyanic  acid  can  iunc^ 
like  ft  compound  ammonia,  N(CH ) "  (/ormonilrik).  It  oniWs 
with  elevation  of  It mperature  with  hydrochloric,  hydrobromic. 
and  hydriodic  acida  to  form  compounds,  such  as  N(CH)' . 
HCl  and  N(CH)"'.HI,  that  may  be  compared  to  the  unmo- 
nium  salts.  In  these  crystalline  compounds,  the  BnhjdfOiu 
bases  can  displace  the  hydrocyanic  acid,  as  tiej  dispUoe  •»■ 
monia  in  the  ammoniacal  salts ;  thus, 

NtCH)HCl  +  NH*  =  NH'Cl  +  HCN 

Cupric  oxide  displaces  hydrocyanic  add  in  the  same  muUHr 
in  the  hydrobroniide  of  fonnonitrile. 

The  oxidixed  organic  acids  unite  only  with  difficnlty  will 
hydrocyanic  add,  and  at  an  elevated  temperature  (An. 
Gaulier). 

Hydrocyanic  add  is  one  of  the  most  rapid  and  moet  du^- 
0U8  of  poisona.  A  single  drop  placed  iipon  the  eye  of  m"" 
is  sufficient  to  kill  the  animal  in  a  lew  instants,  and  afitf  <*' 
lent  convulsions. 

Hydrocyanic  add  may  be  detected  by  the  following  Mts: 

1.  It  gives  a  white  predpitale  of  silver  cyanide  with  itlttf 
nitrate,  and  this  precipitate  does  not  dailen  on  expMue  ^ 
light.  When  properly  dried  and  heated,  silver  cyauidg  dii* 
g^ea  cyanogen.  . 

2.  If  a  drop  of  hydrocyanic  acid  be  added  to  a  mixed  «»■ 
tion  of  ferrous  and  ferric  sulphates,  and  an  excess  of  pDUMUH' 
hydrate  be  added,  a  thick,  dark-colored  precipitate  is  fiiTM^ 
If  this  be  treated  with  an  excess  of  hydrochloric  add,  tlu  to" 
roua  and  ferric  oiidca  predpitated  will  be  dissolved,  and  Pn^ 
nan  blue  will  remain,  strongly  eoloring  the  liquid. 

3.  If  a  drop  of  hydrocyanic  add  be  mixeti  with  a  irof» 
ammonium  sulphide,  aud  then  evaporated  to  drjnesB,  m 
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aolphoeyiuiate  is  Ibnned,  and  a  blood-red  color  is  produoed  when 
the  spot  is  toaehed  with  a  drop  of  ferrio  chloride  slightlj 
acidulated  with  hydrochloric  acid. 

METALLIC  CYANIDES. 

We  will  only  consider  the  two  more  important  metallic  cya- 
nides, those  of  potaaeiam  and  mercury. 

Potaasiiim  Cyanide,  KCy  =  KCN. — ^This  compound  is 
prepared  by  heating  well-dried  potassium  ferrocyanide  to  red- 
ness in  stoneware  retorts.  After  cooling,  the  black  mass  is 
exhausted  with  alcohol;  this  solvent  leaves  a  black  deposit, 
consisting  of  charcoal  and  iron,  and  the  solution  evaporated  in 
vacuo  deposits  the  potassium  cyanide  as  a  white,  crystalline 
mass. 

This  body  crystallises  in  cubes.  It  has  a  caustic  taste  and 
an  after-taste  of  bitter  almonds.  It  is  very  poisonous.  It  is 
quite  soluble  in  water  and  alcohol.  When  its  aqueous  solution 
is  boiled,  it  disengages  ammonia,  and  is  converted  into  potas- 
siom  formate.  This  reaction  takes  place  slowly  in  the  cold, 
tnd  is  analogous  to  that  which  has  before  been  described. 

When  potassium  cyanide  is  heated  with  sulphur,  it  is  con- 
verted into  potassium  sulphocyanate.  Iodine  dissolves  abun- 
dantly in  a  solution  of  potassium  cyanide ;  potassium  iodide  is 
formed,  and  cyanogen  iodide  is  deposited  in  cryst^. 

Solution  of  potassium  cyanide  dissolves  the  insoluble  cya- 
ludes  of  sine,  silver,  etc.,  forming  double  cyanides. 

Heronry  Cyanide,  HgCy'  =  HJ^(CNj^— Thw  compound 
^  prepared  by  dissolving  finely-powdered  mercuric  oxide  in  an 
^ueous  solution  of  hydirocyanic  acid  until  the  odor  of  the  lat- 
^  has  entirely  disi^peared,  being  careful  to  avoid  an  cx(!ess 
^f  the  oxide.  After  concentration  and  cooling,  colorless,  anhy- 
drous prisms  are  obtained,  which  are  unaltered  by  air  and  light. 
^This  is  mercury  cyanide.     It  is  very  poisonous. 

It  possesses  a  nauseous  metallic  taste,  and  dissolves  in  H 
t^arts  of  cold  water. 

It  is  decomposed  by  heat  into  mercury  and  cyanogen ;  para- 
^ranogen  is  formed  at  the  same  time.  The  solution  of  mer- 
cury cyanide  dissolves  mercuric  oxide,  and  forms  with  it  a 
Compound  more  soluble  than  the  cyanide,  crystallizing  in  color- 
leflB  scales. 

If  a  solution  of  potassium  iodide  be  added  to  a  solution  of 
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itieroaric  cyanide,  a  oompound  of  the  two  sabstanoes  is  imme- 
diately precipitated  in  beantifol  pearly  scales  (Cailliot). 

FERROCYANIDES. 

By  this  name  are  designated  compounds  containing  cyanogen 
and  iron  intimately  combined  together  and  forming  a  Comdex 
radical  capable  of  passing  from  one  compound  to  another  bv 
double  decomposition.  This  radical,  which  is  called  ferrtjci/- 
anogen,  contains  one  atom  of  diatomic  iron  combined  with  six 
cyanogen  groups,  CN.  As  each  of  the  latter  represents  one 
atomicity,  it  is  evident  that  the  group  (Cy*^Fe)%  in  which 
but  two  atomicities  are  saturated  between  the  Fe  and  2Cj, 
must  he  tetratomic.  Hence  ferrocyanogen  can  combine  with 
four  atoms  of  a  monatomic  metal  such  as  potassium.  The  im- 
portant  compound  known  as  potassium  ferrocyanide,  or  yellow 
pnissiate  of  potash,  has  such  a  composition. 

Potassium  Ferrocyanide,  K*Cy«Fe  +  3H*0.— This  salt  Is 
obtained  by  calcining  animal  matters,  such  as  blood,  horn,  the 
debris  of  skin,  leather,  etc.,  in  closed  iron  vessels  with  potassium 
carbonate.  The  calcined  mass,  which  contains  potassium  cy- 
anide, is  exhausted  with  boiling  water,  and  ferrous  sulphate  is 
added  to  the  solution,  which  is  then  evaporated  to  cryrtalliB* 
tion ;  or  the  sohition  is  boiled  with  metallic  iron,  which  dissolvei» 
with  evolution  of  hydrogen.  The  iron  may  also  be  added  to 
the  mixture  of  animal  matter  and  potassium  carbonate  before 
cal(inati«»n  ;  ailer  cooling,  the  mass  is  pulverized  and  exhausted 
with  hoilinir  water.     The  solution  contains  ferrocyanide. 

When  sufficiently  concentrated,  it  deposits  the  salt  in  yellow 
crystals,  which  are  derived  from  a  square  octahedron.  They 
are  unaltered  by  the  air.  but  lose  12.8  per  cent,  of  water  tt 
100^.     The  anhydrous  salt  is  white. 

Pota.ssiuni  ferrocyanide  dissolves  in  2  parts  of  boiling,  9^ 
in  4  jKirts  ui*  cold  water.  It  is  insoluble  in  alcohol.  AVhen 
heated  with  bodit»s  rich  in  oxygen,  such  as  manganese  dioxide, 
it  is  converted  into  pota.»ssiuni  cyanate,  the  iron  itself  being 
oxidized  to  j)eroxide.     It  is  not  poisonous. 

When  fused  with  sulphur,  it  is  converted  into  potassium 
sulphocyanate. 

When  heated  with  concentrated  sulphuric  acid,  it  yields  pow 
carbon  monoxide,  and  a  residue  consisting  of  sulphates  of  iioo* 
potassium,  and  ammonium. 


CyFeJ 
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^PotaBBsiiim  ferrocyanide  precipitates  msoy  metallio  solutions. 
The  following  are  some  of  these  precipitates : 

Zinc  ferrocyanide  Zn^Cy^Fe,  white. 

Copper  ferrooyanide  Cu<Cy*Fe,  mahogany  oolor. 

Lead  ferrocyanide  Pb*Cy«Fe,  white. 

Silrer  ferrocyanide  Ag*Cy«Fe,  white. 

Potassium  ferrocyanide  forms  a  bluish-white  precipitate  with 
ferrous  salts.     This  precipitate  contains : 

Fe" 

It  is  identical  with  the  bluish-white  deposit  which  is  formed  when 
potassium  ferrocyanide  is  heated  with  dilute  sulphuric  acid. 

TtUSSian  Bine,  (Fe»)»((yFe)».— This  is  the  dark-blue  pre- 
cipitate obtained  when  a  solution  of  potassium  ferrocyanide  is 
poared  into  a  ferric  salt. 

2Fe'Cl«     -f     3K*(yFe    =     12KC1     +     Fe*(Cy«Fe)» 

Ferric  diloride.    Potaadum  ferrocyanide.  Ferric  ferrocyanide. 

(Pruwian  blue.) 

The  Prussian  blue  of  commerce  ordinarily  occurs  in  cubical 
fragments,  having  a  fine  blue  color  and  a  coppery  reflection. 

When  calcined  in  contact  with  the  air,  it  leaves  a  residue 
of  peroxide  of  iron.  It  is  insoluble  in  water,  alcohol,  and  in 
tlie  weaker  acids.  Oxalic  acid  dissolves  it,  and  the  solution  is 
employed  as  a  blue  ink. 

POTASSIUM   FERRICYANIDE. 

(red   PRUS8IATE   OP   POTASH.) 

K«(Cy«Fe)2 

This  beautifal  salt,  discovered  by  Leopold  Gmelin,  is  formed 
^ien  a  current  of  chlorine  is  passed  into  a  solution  of  potassium 
^^rrocyanide.  Potassium  chloride  and  potassium  ferricyanide 
"^  formed,  and  the  latter  gives  to  the  liquid  a  deep  green-brown 
^lor.  On  evaporation  it  deposits  the  new  salt,  which  is  puri- 
^ed  by  a  second  crystallization.  Potassium  chloride  remains 
**  the  mother-liquor. 

2K*(CyFe)     +     CP     =     2KC1     +     KHCfFay 

^otaaaiam  ferrocyanide.  Potamium  ferricyanide. 

Potassium  ferricyanide  forms  magnificent  clinorhombic  prisms 
^^  a  ruby-red  color.  These  crystals  are  anhydrous.  They  con- 
■^n  K*Cy"Fe'.  It  is  considered  that  they  contain  a  hexad 
^^dical,  Cy*'Pe*,  formed  by  the  union  of  two  ferrocyanogen 
^^dicals  (FeCy*-Cy*Fe)'^  =  ferricifanogen. 
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Potafliiam  ferricyanide  diaohrcB  in  ^A  parts  of  eoid  witar, 
and  in  a  less  qaantily  of  boiHng  waler.  The  sedation  bis  ft 
dark  yellow-brown  color.  It  does  not  precipitate  the  fenie 
salts.  In  solutions  of  the  ferrona  salts  it  gives  a  bine  precip- 
itate analogous  to  Pmssian  blae,  and  which  is  called  TurMfft 
blue. 

K«(Cy«Fe)'     +     3FeS0*    =    3K»S0*     +     Fe\CfYt)' 

PotMsium  FeiriHU  salphafte.  PotMriam  F<nTt>a*  fdrrkyanMe. 

ferricyanide.  wdphate.  (Toraball'i  Uiie.) 

NITROFERROCYANIDES. 

These  salts,  which  were  discovered  by  Playfair,  are  formed 
by  the  action  of  nitric  acid  upon  certain  alkaline  ferrocyanides. 
The  best  known  is  sodium  nitroferrocyanide^  or,  as  it  is  ordi- 
narily called,  sodium  nitroprusnde. 

It  is  prepared  by  oxidizing  potassium  ferrocyanide  with  dilate 
nitric  acid.  Aflcr  filtration  and  evaporation,  crystals  of  potas- 
sium nitrate  and  a  deposit  of  oxamide  are  obtained.  The 
m()ther-lif|U()r  is  saturated  with  sodium  carbonate,  and  on 
evjiporation  yields  sodium  nitroprusside,  which  maybe  purified 
by  rccrystallization. 

Sodium  nitro ferrocyanide  crystallizes  in  large  right  rhombic 
prisms  of  a  ruby-red  color.  Its  composition  is  represented  bj 
the  formula  NaTy\NO)Fe  +  2H^0.  Its  aqueous  solution 
has  a  red-brown  color,  and  gives  a  very  intense  but  evanescent 
purple  color  with  solutions  of  the  alkaline  sulphides. 

CHLORIDES  OF   CYANOGEN. 

There  arc  two  ehlorides  of  cyanogen  known,  a  chloride 
CyCl,  which  is  li(]uid  below  15.5°,  and  a  solid  chloride,  CyCP 
These  two  chlorides  present  a  curious  instance  of  polymerism 

Liqnid  Cyanogen  Chloride,  CyCl  =  CNCl.— This  com 
pound  is  prepared  by  pa.s.siiig  chlorine  gas  over  mercury  cy 
anide,  or  better,  into  an  aijueous  solution  of  hydrocyanic  a*^"*"' 
which  is  maintained  at  0°.  Hydrochloric  acid  and  cyanogen 
chloride  are  formed. 

HON  +  OF  =  CNCl  +  HCl 

Wlien  the  solution  is  saturated  with  chlorine,  it  is  gent^J 
heated,  and   the  c^^anogen  chloride  which  is  disengaged  ^ 
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passed  ibroQjzli  a  tube  coDluinuig  caluiam  cbloride, 
deoeed  in  a  well-cooled  reteiver. 

Wlien  properly  purified,  cyanngen  chlnride  U  a  colorless 
liquid,  having  a  penetrating  udo-r,  which  \»  very  iiritatin;;  to 
the  eyes.    It  boils  at  15.5°  anil  solidilies  nt  — 6  oT^tt".    When 
pun-,  it  ean  be  pre^irved  without  alteration,  bnt  if  It  contuin 
trace  of  thlurine,  it  Boon   beeomea  converted   IDto   the 
chloride. 

Solid  Cyanogen  Chloride.  Cy'Cl"  =  CN'CI',— This 
KsiUtfl  from  the  puiyioeric  iranafbrmacion  which  thu  I 
chloride  undcrjroes  spoDlaneousiy  under  oertain  circumstani 
It  (»ii  iho  Iw  ubtainml  by  eapnein^  hydrooyaniu  acid  (o 
tction  of  thiorine  in  direct  sunlight. 

It  rry^lallizes  in  brilliant,  yellow  needles  or  plates.     It 
«t  I4IP  and  boils  nt  190°.     It  bus  a  peculiar,  irritating 
Boilin;!  wulcr  immediately  deeompoaex  it  into  Uydrochlorio 
cyuuric  acids. 


CN'CI'     +     3H'0 


_     CCOl'1 


.V    +     3HCI 


Cyuto^en  Bromide  and  Iodide. — The  bromide  and  iodide 
uf  ryaiiogen  correspond  in  cun^tlitution  lo  the  liijnid  chloride. 
Tbi'j  are  obtiiined  by  the  niTii'in  of  bromine  or  iodine  upon 
merciiiy  ryanide.  These  eleiDcnts  deeorapose  mercury  cyanid 
with  formation  of  bromide  or  iodide  nf  mercury,  the  c 
nf  hromine  or  iodine  combining  with  the  cyanogen  to 
ryBni^n  bromide  or  iodide. 

C^nnngen  fironii'ile,  CNBr,  is  eolid  and  crystallizes  in 
Ii*nt  rubca.     It  melts  at  4°  and  vaporizes  at  15°. 

Qanoji-n  iaitii/i;  CNI,  snblimeB  spontaneiiuHly  in 
i^lorlefiB  needles  when  u  mlxtuni  of  iodine  i    ' 
nide  la  placed  in  the  biitiuiu  uf  a  Husk.     M 
fimui-d.     Cyuoofien  iodide  has  a  pe[iL'[ru(in<. 
ToUlile,  and,  like  the  chloride  and  bromide,  is  very  poisonous. 

AMIDO   DERIVATIVES  OF   CYANOGEN. 


Cyanamide,  CN'H'  =  ( 


#NH 


-This 


'■^■NH 
by  ihc  aclion  of  cyiino^en  chloride  or  bromide  o 
•ulalinn  ut  ammonia.      It  is  also  obtuined  hy  the  aclion  of 
carte  oxide  or  silver  oxide  upon  sulphu-urea  (page  4lj9j. 


m pound 


HcO  »  HgS  -^  H^  -i-  C<  J5 


r,  aleoltoi, 
pncnitois  fioa  ill 

the  AcdioB  of  Midf  ii  conkiMi  vitk  die  dwcntt  of  watff, 
fccmm^  vm  'JMtge  4^^     Hjdrogoi  salpUde  reooDfCfti  it 


■duuBe,  C>N«H«— Wlm  raBnide  is  healed  to  150^  it 
beooDits  poj  vmeriied,  and  eeaToted  into  tncjaBnnHiide.  This 
rabfiUDoer  is  knovn  as  it/ttwiW.  It  aystalliMB  in  brilliaot 
risht-rhomlMc  oetahedrm  doUble  id  hoc  valer,  insoliiMe  in 
alcohol  aod  ether.  It  viutei  vkh  acida,  foming  salts.  Wbeo 
healed  with  dilate  alkalies  or  with  adds,  it  is  cooTcited  I0^ 
oesbiTelj  bj  the  aotioo  of  one,  two,  or  three  moleeoles  of 
water,  and  eliminatioo  of  one.  two,  or  three  moleeiikB  of 
ammonia,  into  ammeUDe,  ammdide,  and  cjanaric  acid. 

NH*  /OH  OH  OH 


C?N^\H»    C»N»f-NH«    CN'^-OH      CN»^B 


'^^\H»    c»N»^: 

NH«  ^NH«  ^NH'  OH 

Cjanuric  acid,  which  b  formed  aooording  to  the  followiog 
equation,  will  be  described  farther  on. 

C.V.  NIP)»  +  3HH)  =  CN*(OH)»  -f-  3NH' 

GUAXIDINE. 
CH»N» 

This  Ix^dy  is  related  to  the  amides  of  cjaDogen.  It  wtf 
first  obtained  by  the  oxidation  of  guanine,  derived  from  gotoo; 
hence  itH  name.  Since  then  it  has  been  formed  syntheticaUj 
by  the  following  reactions. 

1.  When  an  alcoholic  solution  of  either  cyanogen  iodide  or 
cyanamide  is  heated  to  100°  with  ammonium  chloride: 

C<5[{}  +  NH'Cl  =  NH=C<{J|lHa 

O/anainidH.  Hydrochloride  of  fuanidlne. 

If  cyanogen  iodide  be  employed,  cyanamide  is  first  foriDcd* 
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2.  By  the  action  of  earbonyl  chloride  on  ammonia  (0.  Bon- 
ehardat). 

3.  By  the  action  of  ammonia  on  either  ethyl  orthocarbo- 
Date  or  chloropicrin  (page  477). 

C(0(?H*)*  +  3NH»  =  CN*H*  +  4C»H*.0H 

Mijl  ortboGArbonAto.  Goanidiae.  Alcohol. 

4.  The  method  generally  employed  for  the  preparation  of 
goanidine  consists  in  heating  for  a  long  time  ammoninm 
snlphocyanate  (page  468)  to  a  temperatnre  of  180^  or  190°. 
Solpho-urea  is  formed,  and  decomposed  into  hydrogen  sulphide 
ind  goanidine  snlphocyanate. 

2CSN«H*  =  H«S  +  CN»H*.CNSH 

8alpfao>iirea.  OuanldiDe  sulphocyAnate. 

Propertiea, — Gnanidioe  forms  deliquescent  crystals,  very 
soluble  in  water  and  alcohol.  It  has  a  strong  alkaline  reaction, 
and  absorbs  carbonic  acid  ^as  from  the  air.  With  acids  it 
forms  crystallizable  salts.  The  nitrate,  CN'HMINO*,  precipi- 
tates in  plates  when  nitric  acid  is  added  to  an  aqueous  solution 
of  guanidine.  The  carbonate  (CN»H*)*.H'CO',  crystallizes  in 
<{aadratio  prisms  the  solution  of  which  has  an  alkaline  reaction. 

COMPOUNDS  OF   CARBON   MONOXIDE. 

Carbon  monoxide  plays  the  part  of  a  diatomic  radical.  It  is 
capable  of  uniting  with  one  atom  of  oxygen  to  form  carbonic  acid 
gas,  or  with  two  atoms  of  chlorine  to  form  chlorocarbonie  ga«. 

It  can  also  unite  with  two  residues,  NH^,  which  are  mon- 
^tomic  since  they  represent  ammonia  less  one  atom  of  liydro- 
gen;  lastly,  it  may  unite  with  Nil,  which  is  diatomic  since  it 
Represents  ammonia  minus  two  atoms  of  hydrogen.  The  com- 
pounds thus  formed  have  the  following  constitutions  : 

CO.O  carbon  dioxide. 

CI 
GO^pi      oblorocarbonic  gas. 

C0<^|!  nrea. 

CO(NH)"   IwKsyanIo  acid. 

The  last  two  compounds  can  be  considered  as  derived  from 
^he  ammonia  type. 

Isocyanio  acid  is  derived  from  one  molecule  of  ammonia  by 
^^e  substitution  of  the  diatomic  radical  CO,  which  is  called 
^rhonylj  for  two  atoms  of  hydrogen. 


460 

(H 
Urea  u  deriTH]  fiMn  tvo  bqImw&k  4^  aaa^TBk  bj  the  sob- 
rtitutioD  of  the  ndical  csrbnvi  i'X  nn»  «Bi»k  of  kjinveiL 

(IP  I  ay 

Urea  u*  then  carbonic  dkumid^  ;  <;€  mort  afltplj.  oarbamidi. 

ISOCYANIC  ACID. 

COXH 

Liebig  and  Wbhler  obtained  this  mad  bj  the  dij  dbdDidoD 
of  cjaouric  acid.  One  molecule  of  the  latter,  which  b  poly- 
meric with  isocjanic  acid,  then  breaks  up  into  three  moiecales 
of  the  latter  body. 

CWN'H'    =    3C0NH 

QjraBoric  add.  laocTmaae  acid. 

Tho  latter  acid  condenses  at  a  few  degrees  below  0^  to  a  color- 
l«•^•<  liquid  liavinj::  a  strong  and  irritating  odor.  It  is  very 
uii>i;ihlc.  A.^  s«)on  a8  it  is  removed  from  the  freenns  miituK 
in  which  it  is  condensed,  and  its  temperature  rise:?  to  a  tew 
dcLrrt'fs  above  0^,  it  [>rodaees  a  crackling  noise  and  little  ex- 
plosions, and  is  e<niverted  bj  a  molecular  transformation  into 
an  anior|)hous  white  mass  called  cjamelide.  The  latter  body 
is  also  formed  at  the  same  time  as  isocjanic  acid  by  the  dry 
distilhition  of  cyanuric  acid. 

Potassium  Isocyanate,  KCON. — This  salt  is  prepared  by 
hc'afin;^  to  dull  redness  in  a  flat  sheet-iron  dLsh  an  intimate 
mixture  of  2  part.s  of  potassium  ferrocyanide  and  1  part  of 
niantrani'sc  dioxide,  both  in  fine  powder  and  perfectly  dry. 
Th'  niixtuHi  must  be  continually  stirred;  it  blackens  and 
enters  into  .somi-fusion  ;  after  cooling,  it  is  reduced  to  powder 
and  exhausted  with  hot  alcohol  of  80  per  cent.  On  coolin?i 
the  filtered  alcoholic  solution  deposits  potassium  isocyanateio 
laminated,  transparent  crystals  which  are  anhydrous.  This  salt 
is  very  soluble  in  water,  and  but  slightly  soluble  in  cold  cooceo- 
truted  alcohol.  If  hydrochloric  acid  be  added  to  an  aqueous 
solution  of  potassium  isocyanate,  carbonic  acid  gas  is  disengaged 
with  brisk  eflfervescence.  The  liquid  contains  ammoniuin 
chloride. 

CONH  +  H^O  =  CO*  +  NH» 
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Potaaniim  Cyanate. — ^There  is  a  oompoand  isomerio  with 
poUssiam  isocyaiiate ;  it  is  formed  by  the  action  of  oyanogeD 
chloride  npoo  potassium  hydrate  (Bannow). 

CN  CI  +  2K0H  =  KCl  +  H'O  +      KCNO 

Ojmaogfin  eiiloiidtt.  Pota«iiim  cjwomU. 

The  hydrate  corresponding  to  this  potassium  salt  would  be 
the  tme  cyanic  acid,  of  which  the  ethers  were  discovered  by 
Glo^s.  The  compound  formerly  known  by  the  name  cyanic  acid 
does  not  merit  that  name.  It  is  not  a  compound  of  cyanogen, 
bat  a  combination  of  oxide  of  carbon ;  it  is  carbimxde.  It  is 
the  isocyanic  add  which  we  have  just  described.  The  follow- 
ing formulad  will  explain  this  curious  isomerism. 

h-o-cen  h-n=c=o 

Cyanic  acid.  laocjanic  acid. 

PotaoBiam  cyanate  (Bannow).         PoUMiom  itocyanate  (oHinarj  cyanate). 

(?h*-o-cen  cph*-n=c=o 

Kthyl  cyanate  Ethyl  isocyanate. 

(Clote).  (Cyanic  ether  of  WurU.) 

Ammonium  Isocyanate. — ^This  is  formed  when  vapor  of 
laocyanic  acid  is  passed  into  a  flask  containing  ammonia  gas. 
It  is  a  solid,  white  mass,  very  soluble  iu  water.  When  its 
aqueous  solution  is  treated  with  hydrochloric  acid,  it  disengages 
carbon  dioxide  like  the  solution  of  potassium  isocyanate.  If 
its  aqueous  solution  be  boiled,  or  even  left  to  itself  for  several 
days,  ammonium  isocyanate  becomes  transformed  into  urea. 

(NHOCON    =    CO<55{}! 

Ammoninm  iiocyanata.  Urea. 

CYANORIC  ACID. 
C»N»H»0»  =  C»N»(OH)» 

Cyanuric  acid  is  formed  by  the  action  of  water  upon  the 
^lid  cyanogen  chloride,  by  the  action  of  heat  on  urea,  or  by 
that  of  dilute  acetic  acid  on  a  solution  of  potassium  isocyanate ; 
Id  the  last  case,  potassium  acid  cyanurate,  C^N^H'KO',  is  pre- 
oipated  ailer  a  time,  and  liberates  cyanuric  acid  when  treated 
^th  hydrochloric  acid. 

Preparation. — Small  quantities  of  urea  are  heated  in  an 
Qilbath  until  ammonia  is  no  longer  disengaged.  The  gray 
mass  remaining  b  pulverized  and  dissolved  in  dilute  potassium 

39* 
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hydrate :  whcu  the  filtered  solution  is  toeated  with  hjdrochlorie 
acid,  cyanuric  acid  is  obtained  as  a  white  precipitate. 

Another  process  consists  in  decomposing  urea  by  a  stretm 
of  dry  chlorine  at  a  temperature  of  130^  or  140^.  Nitrogen 
and  hydrochloric  acid  are  disengaged,  and  there  remains  a 
mixture  of  cyanuric  acid  and  ammonium  chloride  which  may 
be  separated  by  cold  water.  The  residue  oonsbting  of  cjaDuric 
acid  b  exhausted  with  boiling  water,  which,  on  cooling,  deposits 
the  acid  in  crystals. 

3C0N»H*  +  Cl»  =  C»N»H»CP  +  2NHHD1  +  HCl  +  N 

Urea.  Cyaouiic  mcUL 

Properties. — Cyanuric  acid  occurs  in  small  white  crjitals, 
soluble  iD  forty  parts  of  cold  water,  very  soluble  in  boiliDg 
water  and  in  alcohol.  It  separates  from  its  boiling  aqueous 
solution  in  orthorhombic  prisms  containing  two  molecules  of 
water  of  crystallization.  When  strongly  heated  it  jields 
isocyanic  acid.  Phosphorus  pentachloride  converts  it  into  solid 
cyanogen  chloride. 

C^iNXOH)»  +  3PC1*  =  3P0C1'  +  (?N»C1»  +  3HC1 

By  this  reaction,  and  by  its  formation  from  cyanogen  chlo- 
ride, cyanuric  acid  is  related  to  the  cyanojren  compounds,  and 
the  relation  is  expressed  by  the  formula  CN'(OH)'. 

When  it  is  boiled  with  strong  acids,  cyanuric  acid  is  decom- 
posed into  carbon  dioxide  and  ammonia. 

C^N'H^O'  +  3H^0  =  3C0»  +  3NH» 

This  reaction  recalls  the  analogous  decomposition  of  isocyanic 
acid  (page  460),  and  relates  cyanuric  acid  to  carbimide.  From 
this  point  of  view,  cyanuric  acid  would  be  tricarbimide, — thit 
is,  three  molecules  of  carbon  monoxide  (carbonyl)  united  by  the 
intervention  of  three  imidogen  groups  (NH). 

(CO.NH)'  =  CO<JJ°-^g>NH 

It  is,  then,  possible  that  there  may  be  two  isomeric  modifies- 
tions  of  cyanuric  acid.  There  are  certainly  two  isomerides  of 
its  ethers:  the  trimethylic  ether  of  the  true  cyanuric  acid, 
CN'(OCH')^  is  formed  by  the  action  of  cyanogen  chloride  on 
sodium  methylate ;  and,  on  the  other  hand,  there  are  ethen 
of  tricarbimide  or  isocyanurio  acid,  which  will  be  described 
farther  on. 
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CABBAMIG  AGIO. 

co<Sh. 

This  acid  is  not  known  in  the  free  state.  Its  ammonium 
■dt  is  oommonlj  known  as  anhydrous  ammoniom  carbonate ;  its 
ether,  methane,  or  ethyl  carbamate,  is  described  on  page  501. 

CO    ONH«  CO^OCH* 

Ammonlnin  carii>inftt».  Uretlwne. 

When  two  yolumes  of  ammonia  gas  and  one  yolume  of 
flirbon  dioxide  are  mixed  oyer  the  mercury  trough,  a  white 
mass  is  obtained ;  this  exists  in  the  ammonium  carbonate  of 
commerce,  and  constitutes  ammonium  carbamate.  At  60^,  it  is 
dissociated  and  resolyed  into  its  constituent  gases,  one  molecule 
of  ammonium  carbamate  yielding  four  Tolumes  of  ammonia 
and  two  volumes  of  carbon  dioxide.  Water  conyerts  it  into 
ammonium  carbonate. 

j,Q    ONH*    .    H«0  -  CO^0NH« 

AmmoDiam  oarbMnaU.  Ammooium  carbonate. 

Ammonium  carbamate  is  intermediate  between  urea  and 
immonium  carbonate. 

^"<ONH*  ^"<NH'  ^"<NH' 

AnuBooiom  carbonaU.       Ammoniiiiu  carbamate.  Urea. 

UREA. 

CH*N«0 

This  body,  noticed  by  Rouelle  in  1773,  is  the  most  abundant 
of  the  solid  constituents  of  urine,  from  which  it  was  extracted 
by  Fourcroy  and  Yauqueiin  in  1799.  Wohler  was  the  first  to 
obtain  urea  artificially  by  combining  isocyanic  acid  and  ammonia. 

CONH  +  NH'  =  CH*N^O 

This  discovery  was  the  first  instance  of  the  synthesis  of  an 
organic  body. 

Urea  is  also  formed  by  many  other  reactions. 

1.  By  the  action  of  chlorocarbonic  gas  upon  ammonia 
(Nataoson). 

CO<g  +  2NH»  =  C0<JJ21  +  2HC1 
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2.  By  the  action  of  ammonia  on  ethyl  carbonate. 
C0<^  ggl  +  2NH»  =  C0<5;g!  +  2(CH'.0e) 

Kthyl  carbooato.  Una.  AkoboL 

3.  When  ammoniam  carbamate  is  heated  to  130^  or  140^ 
under  pressure  in  sealed  tubes. 

CO<nS"'    =    CO<j;g!    +    HK) 

Ammouium  carbanuito. 

These  reactions  show  clearly  that  urea  is  the  amide  oorre* 
sponding  to  carbonic  acid, — that  is,  carbonic  diamide.  Indeed, 
it  represents  neutral  ammonium  carbonate,  less  two  mdeeoies 
of  water. 

CO<0:SII*  -  2HH)    =    CO<Ng: 

4.  Urea  is  formed  by  the  action  of  small  quantities  of  acids 
on  cyanamide. 

C  <j;g  +  HH)  =  CO<^^g! 

Cyanamide.  Urea. 

5.  When  oxamide  is  heated  with  mercuric  oxide  (Williamson). 

c'0'<5![J!  +  0  =  CO'  +  co<5J{J! 

OxRmiile. 

Preparation. — 1.  Urea  may  be  obtained  from  urine  by  the 
following  process.  The  urine  is  evaporated  to  a  syrupy  consist- 
ence on  a  water-bath.  It  is  allowed  to  cool,  and  an  excess  of 
cold  nitric  acid  is  added  ;  a  mass  of  crystals  are  formed,  which 
ordinarily  have  a  brown  color.  They  are  drained,  washed  with 
a  little  ice- water,  redissolved  in  hot  water,  and  animal  charcoal 
which  has  been  washed  with  hydrochloric  acid  is  added.  The 
whole  is  heated  on  a  water-bath  for  a  few  minutes  and  then 
filtered.  Colorless  crystals  of  urea  nitrate  are  obtained  on 
cooling. 

They  are  suspended  in  water,  and  a  concentrated  solution 
of  potassium  carbonate  is  added  little  by  little,  until  all  effer- 
vescence ceases.  Carbon  dioxide  is  disengaged,  and  potassiu© 
nitrate  is  formed,  while  the  urea  is  set  free.  The  liquor  ^ 
evaporated  to  dryness  on  the  water-bath,  and  the  residue  e^' 
hausted  with  absolute  alcohol,  which  dissolves  the  urea,  while 
the  potassium  nitrate  remains.  The  alcoholic  solution  is  con- 
centrated, and  urea  crystallizes  out. 


.  PotasMDiD  imcyanate  ia  prepared  by  healing  28  parts  of 

H-dried  potaxaium  ferrouyaDide  with  14  parU  of  tunngnDCee 

^oxide,  Ds  hoj  been  already  iodicatcd.  The  cooled  mass  is 
coarsely  powdered,  and  exhauatcd  with  cold  water,  wliich  dis- 
solved i  lie  potassium  isocyanate.  30  parts  of  ammonium  sul- 
phate are  added  to  the  Gllerud  liquid,  wbieh  ia  then  evaporated 
to  dryoess  on  a  waler-balh.  The  residue  is  esliausted  with 
boiling  alcohol,  which  dissolves  the  area  and  leaves  potaeainin 
sulphate. 

In  this  operation  the  potassium  isooyanale  and  i 
sulphate  ui>der('o  duuble   decoinpoBilioD,  with   funi 
polassium  sulphate,  and  amuioDiura  isocyaiiute  which  is  Irntis- 
formed  ioio  urea. 

Propertiea. — Urea  separates  from  ilH  atiueous  eulutton  IttJ 
long:,  flattened,  and  siriftted  prisms.     It  sometimes  degioi' 
firom  its  aleoholic  solution  in  square  prisma, 

The  L-rystals  ato  colorless  ana  possesn  a  e(H)liti,i;  liurte. 
dissolve  in  ibeir  own  weight  of  wator  at  15",  and  in  J  _ 
of  oold  aluuhol  of  specific  gravity  O.Slti.    They  are  but  alight)^ 
soluble  in  ether.  ' 

If  a  Bulation  of  nrea  be  added  Ui  ii  eonct'ntratcd  solution  of* 
chluride  of  lime,  (here  h  an  abundant  diHengagemetit  uf  gas, 
which  Ih  h  mixture  of  nitrogen  and  carbon  dioxide.     The  urea 
is  entirely  destroyed. 

CH'.N'O  +  H'O  +  3Cr  =  CO'  -|-  N'  +  6HCi 
lis  reaetioQ  serves  for  the  estimati 
volume  of  nitrogen  diaenijaged  whe 
IS  urine  is  treated  with  sodium  hypobro 
tho  oorrcspondlDg  quantity  of  urea  is  calculated. 

An  aqueous  solution  of  chlorine  produc 
position. 

Nitrous  anhydride  instantly  destroys  urea,  with  formation  d 
water,  earbim  dioxide,  und  nitrogen. 

CH'N'O  -f  N'O"  ^  CO*  +  2H'0  - 

When  an  aqueous  iH>lution  of  area  is  heated  to  140°  ia  j 
seded  tnbe.  it  absorbs  the  elements  of  water,  and  ia  oonver 
into  ammonia  and  carbon  dioxide- 

CH'.VO  +  H'O  =  CO'  +  2NH' 

00DV9raion  of  ureu  into  «arbonat«  of 
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placu  spoDtaneoasIy  in  stale  arioe,  noder  (he  iaflaeiiee  of  i 
peculiar  ferment  (VBO  Tieghem,  Mnsculus). 

Urea  fuses  at  120°.  When  it  is  rapidly  heated  to  a  hijifaer 
temperature,  it  disea^CKB  BtniooQia  and  leaves  a  white  r«^due, 
which  conaiats  principully  of  oyanuric  acid  (page  461).  Theie 
arc  also  Ibrmed  aromelide  and  biuret  (page  467). 

WheD  urea  is  heated  with  eth;]  cblorocarbonate  (ptige  S02). 
ethyl  ailophauate  is  formed. 

ro^N"'  4-  ro^*^'       -  ro^NHCO.oc'H'    g^ 


Liehig,  who  discovered  tliia  componud,  obtained  it  by  puRBg 
vapor  of  isocyanio  acid  into  absolute  alcohol.  Ethyl  allapbinile 
orystailizea  in  brilliant  prisms,  soluble  in  alcohol  and  in  boilio! 
water,  and  fusible  at  190=-191  =  .  It  is  a  substituted  urea,  om 
atom  of  hydrogen  in  the  latter  beiog  replaced  by  the  group 
COOC'H'. 

Componnds  of  Urea  with  Acids. — If  nitric  acid  beaddtJ 
to  a  coni-eiiinited  solution  of  urcn,  the  liquid  becooitt  a  wbiWi 
crystalline,  lamiuated  raasa,  composed  of  crystals  of  ares  pitiW' 
CH'N'O.UNO'. 

These  cryatala  are  soluble  in  water  and  alcohol.  Vi^ 
strongly  redden  litmus  solution.  They  decompose  at  l^''- 
diaeimufiiD;^  a  large  quantity  of  ga£. 

The  hyJruL-hloride  of  urea,  CH'N'O.HCI,  and  the  otilw, 
(0H*N^)'C>IPO',  are  known.  The  latter  salt  precipiuitfi" 
small,  colorless,  grnnular  crystals  when  a  concentrated  ioluiiiHi 
of  oxalic  acid  is  added  to  a  tonceotrated  solution  of  aroi 

Compoondg  of  Urea  with  Oxidea  and  with  Salt*.— Tbm 
are  several  compounds  of  area  with  mercuriL>  oxide.  Th«) 
are  formed  either  by  the  direct  action  of  mercuric  oxide  t^ 
urea,  which  dissolves  that  oxide,  or  by  the  reaction  of  meW)"^ 
chloride  or  nitrate  upon  urea,  which  is  precipitated  hy  botli  <" 
these  salt*.  A  solution  of  urea  converts  reccntly-precipiU'''* 
silver  oxide  into  a  gray  powder,  which  is  a  compound  of  uf^* 
and  oxide  of  silver.  Among  the  compounds  of  urea  irilh  i"" 
variotis  salts,  that  which  it  forms  with  sodium  chlorido  is  f^ 
most  important.  It  cryatalliaea  in  colorless,  oblique  Amoii' 
prisms,  containing  CH*N"O.NaCl  +  H'O. 

Among  the  bodies  closely  related  to  area  there  is  aa  i"' 
terestiog   iaomcride,    iiuret,  which    ia    formed   by  the  WW" 
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of  livlramaio  aoid  oo  hjdrosjhiiiine ;  abo  hjdrozjl  area, 
OO^tlm  I  whieh  ia  fonned  by  the  actioD  of  iBoojanio  aoid 
OD  hydroxjlamine. 

COMPOUND  UREAS. 

The  oompoiinds  which  are  derived  from  urea  by  the  subeti- 
tutioD  of  various  alcoholic  radicals  for  hydrogen  are  called 
compound  urea*.  They  are  obtained  either  by  the  action  of 
cyanic  acid  upon  the  compound  ammonias,  or  by  treating  the 
cyanic  ethers  with  ammonia  or  with  the  compound  ammonias 
(Ad.  Wurtz). 

CONH    +    N/gP    =    CO<NH(CH') 

Cyaoic  add.  BtbyUniine.  Ethylurea. 

CON(CH»)     +     NH*    =    CO<5J21^*^*) 

Kthyl  cyan&te.  Eth  y  I  a  rea. 

The  following  is  the  nomenclature  and  composition  of  some 
i*  the  principal  compound  ureas : 

CH*NH)  urea. 
CH*(CH3)N>0  methylurea. 
CH»(C2II6)N«0  ethylurea. 
CH«(C«H»)«N»0  diethvlurea. 
CH(C«H*)«N»0  triethvlurea. 
CH»(C*H»')N«0  araylurea. 
CH»(C«il*)N»0  phenylurea. 
CH«(C«H»)«N«0  diphenylurea. 

BIURET. 

C«H*N»0» 

Biuret  is  the  amide  of  allophanic  acid,  the  ethyl  compound 

^C  which  is  described  on  the  preceding  page,  and  is  formed 

hen  allophanic  ether  is  heated  to  100^  with  aqueous  ammonia. 

Sthyl  allophanato.  Biuret  Alcohol. 

It  is  also  formed  by  the  action  of  heat  on  urea. 
2C0N»H*  =  C«0»N'H»  +  NH» 
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Biuret  orystallizes  in  delicate  needles,  or  in  little  masses, 
oontaiiiing  one  mulecule  of  water  of  crystallisation.  In  the 
presence  of  potassium  hydrate  its  aqueous  solution  dissoWes 
cupric  oxide  with  the  production  of  a  viulet-red  color. 


Closely  related  to  the  compounds  of  carbon  monoxide  are 
the  following  bodies,  in  which  the  radical  snlphocarbonjl,  CS, 
replaces  the  analogous  radical  carbonyl  CO. 


POTASSIUM  SULPHOCYANATE. 

KCSN 

This  salt,  which  is  sometimes  called  potassium  sulphocj^ani^^ 
corresponds  to  the  isocyanate,  in  which  the  oxygen  is  replaced 
by  sulphur. 

It  is  prepared  by  heating  a  mixture  of  two  parts  of  potas- 
sium ferrocyanide  and  one  part  of  sublimed  sulphur  to  redneas 
in  a  crucible  or  luted  matrass.  After  cooling,  the  mass  is 
dissolved  in  water,  the  solution  filtered,  and  potassium  carbon- 
ate added  to  the  liquor  as  long  as  a  precipitate  of  ferrous  car- 
bonate is  formed.  The  solution  is  again  filtered,  evaporated  to 
dryness,  the  residue  exhausted  with  alcohol,  and  the  alcoholic 
solution  allowed  to  evaporate  spontaneously. 

Potassium  sulphocyanate  crystallizes  in  long  striated  prisms 
resembling  potassium  nitrate,  or  in  needles  terminated  by  to' 
faced  points.  It  is  deliquescent  and  very  soluble  in  water  aad 
alcohol. 

Solution  of  potassium  sulphocyanate  produces  an  intense 
blood-red  color  with  the  ferric  salts,  due  to  the  formation  of 
ferric  sulphocyanate. 

Ammonium  Sulphocyanate,  NH*CSN.— -This  body  corre- 
sponds to  ammonium  isocyanate.  It  occurs  in  the  water  froiD 
the  purification  of  coal-gas.  When  heated  to  170°,  it  is  con- 
verted into  sulpho-urea  (Reynolds). 

The  sulphocyanates  present  an  isomerism  exactly  like  ^ 
which  has  been  mentioned  for  the  cyanates :  there  is  a  sentf 
of  compounds  derived  from  a  sulphocyanic  acid,  NeC-SHi>J^ 
another  series  derived  from  an  isosulphocyanic  acid,  (CS/'Nl^' 
To  the  latter  series  belong  the  ordinary  sulphocyanates,  example 
of  which  have  just  been  described. 


UONATOHIC   ALCOHOLB. 


SULPHO-DREA,  OB  SULPHOCABBAMIDE. 

Salpho-arca,  which  was  discovered  by  Reynolds,  is  formed 
fay  a  molvuulur  nietaiiiDrphtKiia  of  umrooniuui  Ealphooyanate,  u 
area  ia  Ibrmed  by  ihe  niet&murphosia  of  amrooniutn  isocyaDate. 

CS-N"'-N-H'  becomes  CS<5J^! 

It  is  al8o  formed  by  the  direct  combinatioD  of  hydrogen 
Bolphide  fttid  cyaQamide  (pa;.-e  458), 

It  cryHtaltises  aometimeg  !□  fine,  silky  oeedles. 
krge  ortborbombic  priBros.     It  is  very  soluble  iu  water  aai 
Bicohni,  eliirhtly  soluble  in  ether.     It  has  e 


I  bitter 
neutral  reaciiou.  It  melte  at  149°,  and  if  healed 
to  140°  is  reconverted  into  Bmmoaiuiu  sulphocyunnte. 
acids  it  forms  cryslnllizuble  aslts.  "WheD  treated  with 
coUde,  it  yields  oyanualde. 


ih  « 


With 


MONATOMIC    ALCOHOLS   AND   THEIR 
DERIVATIVES. 
Tlicse  componnds  fumi  purt  of  the  (n^at  class  of  alcohols,  j 
Tliejr  are  iiciitml  hydrat(«,  derived  from  hydrovBrbons  by  the  1 
Eubetitulion  of  the  radicnl  hydruxyl  OH  fur  an  atom  of  bydror  I 
^n.     Amonp  tliese  bodies,  the  moTe  important  aru  those  wlii^  I 
belong  to  the  game  scries,  as  iirilitiary  alcohol,  or  ethyl  hydrate,  * 
Thich  has  been  indicated  on  page  436.    Wood-apirit,  or  methyl 
hydrate,  is  the  simplest  ttrm  of  the  series.    While  studjbg  its 
combinations,  in  1835,  Dnmas  and  Peligot  were  the  ftist  to  call 
■Uentiou  to  the  irmction  "alcohol." 


METHYL  COMPOUNDS, 
tbeae  compuumls,  w<.>  admit  the  existence  of  a  radical, 
OH",  to  which  the  nnme  methyl  is  given.  Wood-spirit  U 
hydrate;  m&tehgaa,  ur  metbanu,  iU  hydride.  To  this  hydride 
correspuDd  a  chloride,  a  bromide,  and  an  iodide.  Chlorofiirm 
UdiclJoriFmethylehloride,ortritUloromethane.  Around  methyl 
kjrdrUv  are  gmupMl  the  salta  of  nietbyl  or  methy1i<:  ethers,  re- 
muting  from  the  aution  of  the  iicidR  upon  that  body,  and  which 
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•re  to  methjl  hydrate  « the  iwtaMmm  Mlto  aie  to  po^^ 
drate.    They  are  the  oompoand  methyl  ethen.    ThefbBowiBg 
fonnoln  indicate  the  relationa  whiflh  exbt  betweeii  these  bodifli : 

CBPH  "h>® 

MMlMMMk  or  Mfhjl  hjrMI*.  IbHtrl  ^ytala 

CHH5I  Cff>^ 

IM^cUoridB.  Methyl  ozid«L 

CHOP  ^OT>° 

These  oompoands  will  be  bat  briefly  described. 


METHANE. 
(MARSH  aAa) 

OH* 

The  inflammable  gas  which  is  disengaged  from  the  mad  of 
marshas  is  impure  methane.  The  same  gas  is  freqaendy 
evolved  in  the  galleries  of  coal  mines,  and  constitates  tlie 
fire-<lamp  of  miners.  It  is  produced  artificiaUj  by  the  action 
of  an  excess  of  alkali  upon  acetic  acid  (Persoz,  Dumas). 

PreparatioiL — Methane  is  most  conveniently  prepared  in 
the  pure  state  by  strongly  heating  in  a  glass  flask  or  retort  a 
mixture  of  1  part  of  sodium  acetate,  1  part  of  potaannm  hj- 
drate,  and  1 }  parts  of  lime ;  the  lime  is  added  to  prevcDt  tw 
action  of  the  potassium  hydrate  upon  the  glass.  The  gaa  maj 
be  collected  over  water. 

NaC^HW    +     NaOH    =    CH*    +     NaKX)* 

Sodium  acetate.  Methane. 

Properties. — Methane  is  a  colorless,  odorless  gas.  Its  den- 
sity is  0.559 ;  it  is  but  slightly  soluble  in  water,  somewhat  more 
so  in  alcohol.  It  burns  in  the  air  with  a  yellow  flame  less  InnU' 
nous  than  that  of  ethylene,  or  olofiant  gas.  A  mixture  of  0*^ 
thane  and  oxygen  explodes  violently  on  the  application  oi^^^ 
or  the  passage  of  an  electric  spark. 

If  two  volumes  of  methane  and  four  volumes  of  oxygen  be 
introduced  into  an  eudiometer  and  the  spark  be  passed,  a  dHf^ 
flash  is  visible.  Afler  the  combustion,  the  mercery  rises  io  ^ 
tube,  and  it  is  found  that  the  volume  of  gas  is  reduced  to  one- 
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third  of  the  primitife  ▼olame  (to  2  volumes) ;  if  a  solution  of 
potaseium  hydrate  be  introduced,  the  whole  of  the  remaining 
{TiUi  will  be  absorbed.  2  volumes  of  methane  produce  in  burning 
2  volumes  of  carbon  dioxide,  and  require  4  volumes  of  oxygen. 
This  experiment  permits  the  determination  of  the  compositiuu 
of  methane. 

2  volumes  of  carbon  dioxide  contain  2  volumes  of  oxygen 
combined  with  1  volume  (1  atom)  of  carbon ;  consequently  two 
volumes  of  marsh  gas  contain  one  atom  of  carbon. 

The  other  two  volumes  of  oxygen  consumed  have  combined 
with  four  volumes  of  hydrogen,  which  are  likewise  contained  in 
two  volumes  of  methane. 

Conseriuently  two  volumes  of  methane  c<intain  1  atom  of 
carbon  and  4  atoms  of  hydrogen. 

A  mixture  of  chlorine  and  methane  explodes  when  exj)osed  to 
direct  sunlight.  In  diffused  daylight,  the  action  is  less  violent, 
especially  if  an  inert  gas,  such  as  carbon  dioxide,  be  added. 
In  this  case,  methyl  chloride  is  formed,  and  in  presence  of  an 
excess  of  chlorine,  chloroform,  and  finally  carbon  tetrachloride. 

CH*  +     Cl»  ==     HCl  +  CIPCl  methvl  chloride. 

CH*  +  3CP  =  BHCn  +  CHOP  chloroform. 

CH*  +  4CP  =  4HC1  +  CCl*      carlMm  tetrachloride. 

It  is  st^en  that  in  these  reactions  the  chlorine  is  substituted 
for  hydrogen,  atom  for  atom. 

Inversely,  when  chloroform  or  carbon  tetrachloride  is  sub- 
mitted to  the  action  of  nascent  hydrogen,  an  inverse  substitu- 
tion may  be  effected,  and  these  chlorine  coiujiounds  may  l»e 
converted  into  methane.  This  may  be  acconi|jIislied  l>y  putting 
them  in  contact  with  sodium  amalgam  and  water.  The  latter 
is  decomposed  by  the  sodium,  and  constitutes  a  source  of  hy- 
drogen (Mehiens). 

CHtT  +  3H^  =  3UC1  +  CFI* 

METHYL  HYDRATE,  OR  METHYL   ALCOHOL. 

(wood-spirit.) 

CIIH)  =  (?H»-OH 

The  products  of  the  dry  distillation  of  wood  contain  about 
one  per  cent,  of  a  spirituous  liquid,  which  was  discovered  in 
1812  by  Taylor,  and  named  wood-spirit.     It  is  separated  by 
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eercrat  dist illations  sod  rectiBcations  over  lime-,  for.beii^B 
Tolaiile  thuo  the  other  products,  it  passes  over  first. 

The  methyl  alcohol  oF  coniincrce  is  alnajra  iupure,  and  can- 
not be  purified  by  IVaclionBl  duiillation,  as  it  coutaias  a  coniid' 
erable  proportion  of  acetone,  of  which  the  boiling-poiat  (56°) 
is  very  near  that  or  tocthyl  alcohol,  Bardy  and  Bordet  liave 
discovered  a  process  by  which  it  may  be  readily  obiained  pei- 
feeily  pure.  The  crude  aloubol  is  purified  as  fur  as  possible  tj 
rectifieaiioQ,  and  is  then  converted  into  methyl  Tormate  by  ireii- 
meot  with  sodium  tbrmato  and  hydrochloric  acid. 

CH'.OH  +  NaCHO'  +  HC!  ^  CH'.CHO'  +  NaCI  +  HH) 

M«lbil  b^dnlf^.    SudiuiD  r^riuDc.  U^lhyl  foniuU. 

The  methyl  Tormale  which  distils  over  boils  at  32°,  and  maj 
thus  be  readily  separated  from  the  Hquida  of  higher  bwling- 
poiots.  It  is  then  introduced  into  a  fiasL  connected  with  a  gooi 
condenser,  and  the  required  proportion  of  sodium  bydnu  >> 
introduced.  Methyl  hydrate  distils,  and  there  remains  godiiuii 
formate,  which  may  be  used  for  another  operation. 

CH'.CHO'  +  NaOH  =  CH'.OH  +  NaCHC 

^Vllen  pure,  it  ia  a  mobile,  colorless  liqnid,  having  an  alco- 
holic odor.  It  boils  at  66.5°.  Its  densitj  at  0°  is  O.HUi 
(Dumas  and  Peligot). 

It  is  inflammable  and  bums  with  an  almost  colorless  fluK. 
It  is  misi^iblo  with  water,  alcohol,  and  ether  in  all  propartianS' 
It  diitsolves  caustic  baiyta  and  forms  with  it  a  definite  coniln' 
nation.  It  forms  a  ci^stalUne  compound  with  talcium  I'liloridc 
uontaining  CaCl"  +  4CH'0. 

Potassium  and  sodium  react  enei^clically  upon  methy!  iij* 
drate ;  the  metal  dissolves  with  diaengapement  of  hydn^n  in^ 
formation  of  potassium  or  sodium  methykle. 

CH'-OH  CH'-OK 

Uelhjl  bjdmU.  FoUuium  niFllijrlils. 

If  methyl  alcohol  he  placed  under  a  bell-jar  containing  >!*' 
Bome  watch-glasses  filled  with  platinum  black,  so  that  the  n^ 
of  the  wooil-spirit  mixed  with  ur  may  come  in  contact  wilB 
the  finely-divided  mclsl,  it  i^  limnd  that  the  Htjuid  aoon  bewffici 
Btrongly  acid.  By  the  alow  oxidation  of  the  wood-spirit  owi*' 
these  conditions,  formic  acid  is  produced  (Dumas  and  Peligot> 
CH'-OH     +     0"    =     CHO-OH     +     HK)  , 

HhIvI  bydmla.  Formic  icld. 


CHLOBIDB,    BROHIDB,    AND    IODIDE  OF    UETUVL. 

When  methyl  alcohol  ia  allowed  wi  fall  drop  by  drop  ( 
hitrl'ly-''W"e^  lino  chloride,  it  is  decomposed  into  a  imiuber  a 
produclii,  Bioonc  which  the  most  nurious  b  hexamctliyl-lwui 
(p.  649).     (Le  Bel  and  Greene.) 

METHYL  OXIDE. 
(CUV'O 

When  methyl  alcohol  is  heal«d  with  iwiee  its  weight  ( 

KHloeBtrated  sulphuric  acid,  a  colorless  gas  is  disengaged,  whi< 

HigBethyl  oxide. 

^H  2CH^0U       =    JCiP)'0    -f-     H'O 


ijKlKto.  Hflhjd  Dtlda, 

lifi  gas  ia  formed  by  the  dehydratioo  of  methyl  ulcuhcJ 


aad  the  linking  together  of  two  uiulhyl  groups  by  a 

oxygen.     It  ia  mcthylic  ether.     Ic  holds  the  some  relation  to 

Euotbyl  hydrnte  that  ordinury  ether  does  to  ethyl  hydrate. 

It  ia  uolorless,  very  soluble  in  alcohol  and  ether,  and  quit*  J 
soluble  in  water.  It  Uque6ea  a.1  a  very  low  temi>eratuiv  I 
(-36-).  ■ 

CHLORIDE,  BROMIDE.  AND  IODIDE  OF  METHYL. 

Theae  compound.i  may  be  regarded  as  marsh  gas  in  which 

one  atom  of  hydrogen  is  replaced  by  an  atom  of  chlorine,  bro-  , 

miae,  or  iodine.  J 

They  are  formed  by  this  action  of  hydrochloric,  hydrobromia,  1 

and  hyilriodic  ncida  upon  methyl  aJuohol. 

CH'.OH  +  Ht:i  =  CH'Cl  +  H'O 

They  may  be  considered  as  derived  from  the  hydracids  bfm 

ihe  substitution  of  the  group  methyl  for  the  at>^m  of  hydrogen^  I 

^B  HCl  (CH'ICl 

^^■i  Hjdnchloflc  Hold.  Wuhjl  ihlurJde. 

^^^PbAyl  chieriJe  is  a  colorless  gas,  having  an  agreeable  odoKi  I 

^^nw)  exposed  to  intense  («ld.  it  couden^^es  to  a  liquid  whicAll 

boila  at  — 22°.     When  heated  far  a  considerable  time  witltl 

a  ooDcentrated  solution  of  potassium  hydrate,  it  is  confertadl 

iato  methyl  alcohol, 

'Teth]/l  (yronvide,  CH'Br,  is  a  colorless  liquid,  boiling  ■ 

ilhj/tioditU,  CH'I,  boils  at  43"  ;  its  density  at  0°  is  2.1993 
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It  18  made  by  gndnallj  adding  iodine  to  a  mixture  of  nethjl 
alcohol  and  amorphoos  phoephonia,  and  distilling.  The  dv* 
tilled  liquid  is  mixed  with  water,  which  predpitales  the  iodide; 
the  dense  liquid  is  separated,  dried  with  calcium  chlmie,  asd 
distilled. 

METHYLENE  CHLORIDE. 
CH«C1« 

This  compound  may  be  pfepared  by  the  action  of  cfakmBe 
on  methane,  or  on  methyl  chloride,  or  by  the  reducdoo  of 
chloroform  by  nascent  hydrogen.  The  latter  method  is  the 
more  convenient.  An  alcoholic  solution  of  chloroform  is  treated 
with  zinc  in  a  flask  connected  with  a  condenser,  and  hydrochlo- 
ric acid  is  introduced  in  small  portions.  Methylene  chloride 
and  unaltered  chloroform  distil  oTcr,  and  towards  the  close  of 
the  operation  the  distillation  is  continued  by  the  aid  of  heat 
The  distillate  is  then  washed,  dried,  and  submitted  to  fraotioDil 
distillation. 

Methylene  chloride  is  a  mobile  liquid,  having  an  odor  rewo- 
blin^  that  of  chloroform,  and  boiling  at  40^.  Its  density  at  0^ 
is  1.36. 

METHYLENE  IODIDE, 

CH«I», 

is  made  by  the  action  of  hydriodic  acid  on  chloroform  or  iodo- 
form in  scaled  tubes  at  a  temperature  of  150^. 

CnCl»  +  4HI  =  CH«P  +  3HC1  +  P 

It  is  also  formed  by  the  action  of  sodium  ethylate  on  iodo- 
form. It  is  a  yellow,  highly  refracting  liquid,  having  a  densitj 
of  3.342  at  5°,  and  solidifying  at  2^.  It  boils  at  182^,  with 
partial  decomposition. 

OfH* 
Methylal,  or  the  dimcthylic  ether  of  methylene,  CH*<Qngr 

is  obtained  by  the  action  of  sulphuric  acid  and  manganese  di- 
oxide on  methyl  alcohol.  It  is  a  limpid  liquid,  of  an  agreeable 
odor,  boiling  at  42°  (Malaguti). 

Methylene  diethylate,  CH*<Qptu5>  ^^®  ^^^^  intermediaiy 

between  methylethyl  oxide  (p.  488)  and  Kay*s  ether  (p.  476), 
may  bo  obtained  by  the  action  of  sodium  ethylate  on  metbyleoe 
chloride  (Greene). 


I 


CHHT  +  2CHK)Na  =  2NaCi  -f  CH'(0(?H»)' 
It  in  an  ccliorcal  li>]ui<).  liaTing  n  pleasnnt.  pen^traliDg  odor, 
lis  densilj  al  0"  is  0.851,  aod  it  holla  at  89°. 

Methylene  diaceUte,  Cn'<~jj^„  is  formed  bj  the  Rction 
nt  100"  of  silver  aceUte  on  iDethylene  iodide  in  presence  of 
acetic  ncid  (Boutlerair).  It  is  an  Bromalic  liaiiid,  which  when 
heat«]  wiih  lead  oxide  is  decomposed  into  lend  acetate  and 
.SJjmetbj^lene  (p.  531). 

'  +  3PbO  = 

CHLOROFORM. 
CHCl* 

This  it[i|H>rtaut.  sutiHtuuci!  nus  diflcovcrcd  in  1H31  by  Suubo 
r»n  aniJ  I  Jcbig.     !t  is  made  by  difitilling  eithi*  alcobul  or  wood- 
apirit  witli  a  mixtnri:  nf  etiloride  of  lime  and  calcium  hydrate. 
Tbu  distilled  liquid  tM.'parat«a  iu  two  layent,  of  which  the  lonor 
ia  impure  chloroform.     It  is  separated,  wiuhed  first  with  water    i 
and  iheu  with  a  xolution  of  potassium  carlwnate,  and  reutifiel  a 
ovt^r  Lulcium  thloriila 

Cliluroforiu  iti  a  ciiloHess,  very  mobile  liquid,  having  an 
i^eeable,  ethereal  odor.  Its  density  at  0°  la  1.525,  and  it 
boils  at  60.8°.     It  does  not  take  fire  on  contact  with  flame. 

il  is  but  slightly  noluble  in  water,  but  dissolves  readily  iu 
aleuhtil  and  etJiiT.  It  dissolveti  sulphur,  phosphorus,  fats, 
n^ius,  u,  great  number  of  the  alkaloids,  and  in  general,  organic 
uialletD  rich  in  eurbuu. 

By  the  prulonn^'d  action  of  chlorine,  it  is  ciitivertcd  IntQ 
earlon  icInirM.rit/t,  CO',  a  colorless  li.piid  boiling  at  77' 

A  Iwiling  alcoholic  scilution  cf  poLosaiuni  hydrate  convei 
into  formate  and  ctiluritlu. 

cncT  +  4K0H  =  2ax)  +  aKcn  +  kcho" 

When  chlorotbnii  is  boiW  with  an  ah-oholic  aohilion  of 
echylute  of  Bodiiiui,  smliuui  ebjoride  ia  formed,  tugetlier  with 
in  etlicreal  oompouud,  011(0^1^/,  in  which  3  oxethyl  groups, 

VH\  ropbice  the  i  chlorine  atutus  uf  ehlorofurm  (Kuy). 
CHCl*  +  3NaO.CH*  =  3NaCl  +  CH(OCH')' 


idoi^^^^l 
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Chloroform,  hented  to  180*  with  aqaeona  or  alcoholic  immo- 
nU,  yields  ammonium  (cyanide  anil  Mal-ammoniac     Thia  n- 
aotion  takes  place  at  100°,  in  presence  of  potassium  hydnU. 
CHCl'  +  SNIP  =  NH'CN  +  3NH*C1 

Cfalnrofonu  acts  in  a  remarkable  maoner  upon  the  phepuls 
in  presence  of  an  alkali  such  as  soda  or  potaasa,  forming  iro- 
matic  aldehydes.  This  reaction,  discovered  by  Reimer,  will  be 
described  farther  on  (see  Phenol). 

When  heated  with  nn  alcoholic  solution  of  ethylaDlDe  n 
presence  of  potassium  hydrate,  chloroform  yields  ethyl-carbjl- 
amine  (page  495).  A  similar  reaction  occurs  with  other  bMct 
Boalo^oua  to  ethylamiue,  and  thia  reaction  characieriieB  lb 
primary  amines  (Hofmann). 

Chloroform  is  much  employed  in  Eurgery  as  an  sn»Btheti& 
The  inhalation  of  ita  vapor  produces  insensibility  and  lun  of 
muscular  action. 

BROMOFORM. 
CHBf* 

Bromoform  may  be  made  by  the  action  of  bromine  on  a  ^l>- 
tion  of  an  alkaline  hydrate  in  alcohol  or  wood-spirit.  Pous^iuiD 
or  sodium  Jiydrute  is  dissolved  in  its  own  weight  of  crude  meilij! 
alcohol,  and  to  the  aoluiion,  which  is  cooled  in  ice-water,  bronUK 
is  added  in  small  portions  until  the  liquid  begins  to  trntrae  > 
permanent  color.  The  product  of  the  reaciion  is  agitated  vitli 
water,  and  the  oily  liquid  which  separates  is  washed,  dTied,iM 
reciificd. 

Bromoform  is  an  oily  liquid,  having  an  agreeable  odor,  re- 
sembling that  of  chloroform,  lis  density  is  2.77,  and  itboik 
at  about  1 50°.  In-wluble  in  water,  it  dissolves  readily  in  liaii^ 
and  ether.     Its  reactions  are  similar  to  those  of  chloroforo.  _ 

Bromoform  usually  exists  in  greater  or  less  proportion  >■■ 
commercial  bromine. 


IODOFORM. 

CHI> 
f  the  simultaneous  action  of  iodiotw    I 
alcohol  and  many  other  organic  n 


Iodoform  is  formed  b 
an  alkaline  hydrate  on 

stances.  It  is  prepared  by  dissolving  two  parts  of  cryBialliK^ 
sodium  carbonate  in  ten  parts  of  water  and  one  part  of  alwWl 
the  solution  ia  heated  to  80°,  and  one  part  of  iodine  is  addol 


WITaorOEM— CHl-OttOPlCRlN. 

ID  small  portions.     lodofonn  separates  in  jellow  soalet. 
alcohol  and  potsssium  hydrste  be  added  Co  tlie  uiuther  liquid 
aod  chloriae  be  passed  through,  an  additioniil  {juautitj  ofiudo-  ' 
form  may  be  obtained. 

lodororm  crystallizes  in  brillisat  yelloi*,  hexagonal  scales, 
whieK  sometimes  asanaie  lai^e  dimensions. 

It  his  a  peculiar  odor,  recalling  that  o?  saffron.  It  melts  at 
119°,  nod  caoDot  be  distilled,  but  at  100°  its  tension  of  vapor 
is  sufficient  lo  allow  it  lo  Tolstiliio  with  the  vapor  of  water. 
Insoluble  in  water,  it  dissolves  in  alcohol  and  ether.  By  the 
aid  of  h«Bt,  hydriodic  acid  couverls  it  into  metbyleoe  iodide  with 
separation  of  iodine. 

CHI'  +  HI  =  CH'l'  +  I' 

This  reduction  by  hydriodic  aciti  is  only  one  example  of  the 
action  of  thai  acid  on  carbon  conipounda  generally.    The  exteat 
of  the  reduclioD — ihnt  is,  of  the  saturation  of  the  carbon  atoms 
by  hydroj^en — depends  upon  the  temperature  at  wbich  the  re-  ■ 
aoUon  taka  place.     Iodine  is  aJwnjs  set  free  in  these  ciises. 

NITROFORM. 

CH(NO')' 

Thia  compound  is  trinitromethBoe, — that  is,  methane,  CH*,  I 

in  which  three  atoms  of  hydrogen  are  replaced  by  three  niiiyl  1 

groups,  NO*-     It  is  formed  in  small  quantity  by  the  action  of 

nitric  acid  on  various  or^anio  euoijMiunds.     It  is  also  formed 

when  triiiitroacetonitrile  (p.  479)  is  boiled  with  wiiter. 

CiNO'/-CN  +  2H'0  =  CH(NO')'.MH=  +  CO" 

From  the  ammonia  compound  formed  in  this  reaction,  sulr  I 
phuric  acid  separates  nitroform  as  a  thick,  colorless  oil,  whiok  i 
below  15°  solidifies  in  oobical  crystals. 

Nitroforni  is  soluble  in  water ;   when  rsptdly  heated  it  c 
plodes.     It  plays  the  part  of  an  energetic  acid ;  ilie  single  nlc 
of  hydrogen  wbich  it  contains  is  strongly  busic,  by  raason  of  1 
its  proximity  to  the  three  nitryl  groups.     There  is  u  potostjium  ■ 
salt  CCNO'/K.  ■ 

CHLOBOPrCRIN. 
CCI'(NO'| 

Chloropicrin,  which  has  long  been  known,  represents  chloro- 
fbnn  ID  which  the  hydrogen  atom  is  replaced  by  the  grouj-  NO'. 
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It  la  formed  by  the  action  of  nilrio  acid  on  idhii;  chlortQc  or- 
ganic compounds,  such  as  eliloral.  On  ilje  other  hsod,  it  mnT 
be  obtained  bj  the  reaction  of  chlorine  or  ehloritiBied  lime  oe 
nitrogenized  organic  compounds,  such  as  picric  acid,  tneminc 
TulniinDte,  eto.  It  is  prepared  b;  distilling  a  milk  of  chlorinited 
lime  with  a  aaturatfid  soluiion  of  picric  acid.  Chloropicria  theD 
distils  with  the  vapor  of  water. 

It  is  a  colorless  liquid,  having  a  very  irritating  odor  aod 

exciitng  tears.    Its  density  is  1.665,     It  boils  at  112°,  butti- 

plodes  when  heated  suddenly.    NasceDl  bydrogien,  prodoed  I7 

the  adioti  of  acetic  acid  and  iron,  converts  it  into  methylaniM 

CCI'(NO')  +  6U'  =  CH'.NH"  -|-  3HCI  +  2H'0 

ChloniplcHn.  JlMhjIuulDt. 

There  ia  a  bromopicrui,  CBr'(NO'),  prepared  by  a  reactiop 
analogous  to  that  whieh  yields  chloropierin,  which  it  resemlilt 
in  its  general  properties. 

CARBON  TKTRACHLORIDE. 
CCl* 

Carbon  tetrachloride,  or  tetrachloro methane,  is  obtained  by 
the  prolonged  action  of  chlorine  on  chloroform  in  direct  mo- 
light,  or  by  patising  through  a  red-hot  porcelain  lube  a  niiilun! 
of  chlorine  and  vapor  of  carbon  disiilpbide.  In  the  laiurr^ 
action  sulphur  chloride  is  also  formed,  and  must  be  remored  bj 
agitating  the  product  with  a  solution  of  pota^ium  hydnte. 

Ciirbon  tetrachloride  is  a  colorless  liquid,  having  an  agraabh 
odor  like  that  of  chlorororni.  lie  density  at  0°  i«  1  629.  I> 
boils  at  77°.  When  iia  vapor  is  passed  through  a  red-hat  (oIm 
it  is  decomposed,  yielding  the  chlorides  CCl'  and  C*C1*- 

When  heated  with  aluminium  iodide,  AI'I*.  carbon  un- 
chloride  is  converted  into  carbon  Ictraiodide,  CI',  which  WI* 
rates  from  iti  ethereal  solution  in  dark-red  regular  octibedti 
(GostaTson). 

METHYL   CYANIDE. 
C'lI'N  =  CH'Cj- 
This  body  may  be  obtiiined  by  distilling 
sinm  methylsulphatL-  and  potassinm  t-vanide. 
acetamide  with  phosphoric  anhydride,  which 
eonle  of  water  from  the  former  body. 
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CinO.NH'—  H'O 


CH'N 

llMtaJler>IlM^l>^•c• 

Methyl  cyntiiilr  is  n  mlorless  liouid,  having  n  disagree&bli  | 
oiliir;  it  boi^nt  77°.  A  boiling  §i)lu(ioD  of  potaasium  hydrnU  i 
iJt^oompiMcs  it  into  Hiuiuonin  nnd  potsuednm  ucetale. 

»CII*-CN  +  2H'0  =  CH°-CO,OH  -f-  NH' 
Kclhil  cjmUe.  Aocllc  vid. 

tt  has  disvnvcred  an  isooicride  oC  methyl  cyanide,  I 
carb^himine.  This  body  is  formed,  together  with  I 
cyanidi^  whvn  a  misture  of  potAsuum  inethylsulphat«  I 
lOid  ptittiaiiuui  I'yatiide  is  distilled.  Under  the  influence  of  alk»-  | 
ti(«,  it  documpuses  into  foniiic  acid  and  methytamiae. 

CU'}^  +  KOII  -(-  H'O    =     KCHC  -J-  ^[J!}    N 

Mdli;!  tmrbjlunlng,  PoDuaiuip  lunnsK.       KoIbiUnilui 

The  trinilro-deriTalive  of  methyl   cyanide,  C(,NO')''CN, 

ttnnitro-aeetoniiriU.     It  is  &  irhiu,  oiimplior-Uke  inaa 
[  at  4t.5°,  and  exploding  at.  200°. 


METHYL  NITRATE. 
CH',NO> 
This  Hnbsluiiv,  wliiuh  repn'sentit  nitric  ui-id 


which  ihft  I 
ImsIo  hydnigcn  'a  replaced  by  uictli^-l,  is  an  example  of  a  com-  I 
pnand  methyl  ether. 

It  is  prepared  hy  introducing  inlo  a  retort  5*)  grammes  of 
powdorcd  potasdum  nitrate,  and  bidding  a  mixture  of  1(10 
srammcs  of  sutphuric  acid  and  50  grnmmi^  of  wood-spirit. 
The  reaction  begiuH  in  tht^  cold,  hut  must  be  finished  by  dis- 
tilling on  a  wat«r-hath.  The  liouid  condensed  in  tlic  receiver 
is  wuhed  with  watiT,  and  reclined  several  times  over  a  mix- 
tore  of  iutuMii<<>t  aud  uuluiuu  diloricle. 

IlisaouliirliMi,  ntTutrnl  liiguid  ;  drtisily,  1.182  ;  boiling-point, 
66°.     Ita  vapor  explodes  violently  when  heated  above  150°. 

M«thyl  nltnite  dissolves  in  aiuuoniti,  produdug  aiumouium 
■    lethylaxuine. 
;  CH'.NO'  +  2NH*  ^  SHVNtV  +  CH=(NII') 

'HYL  NITRITE   A.ND   MTROMETHANB. 
compounds  prtvu'iit  ii  reiunrknble  instance  of 

very  Himple  inuiibinutions. 
first,  CU*O.NU,  which  repruseuLs  nitruux  acid,  UNO'i, 
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in  which  the  hydrogen  is  replaced  by  meihyl,  is  obtained  wlien 
methyl  alcohol  is  heated  with  nitric  acid  in  presence  of  copper. 
It  is  a  liquid  boiling  at  about  — 12°. 

The  second,  called  also  nitrocarbol,  represents  methane,  in 
which  an  atom  of  hydrogen  is  replaced  by  the  group  (NCH/. 

CH*  CH»(NO») 

Methane.  Nitromethane. 

It  is  obtained  by  the  action  of  potassium  nitrite  upon  potas> 
sium  monochloracetate  (Kolbe). 

CH»CI.CO«K    +    KNO«    +     H«0    =»    KCl    +    CH«(N0«)    +    KHCO» 
PotHHsiuni  moDo-     PoiaiMrium  Mitromethaae. 

chloracotate.  nitrite. 

It  is  also  produced  by  the  action  of  silver  nitrite  on  methjl 
iodide  (V.  Meyer). 

Nitromethane  is  a  liquid  boiling  between  101  and  102^.  I( 
has  an  acid  character^  and  one  of  its  hydrogen  atoms  may  be 
replaced  by  sodium. 

Nitromethane  is  clearly  distinguished  from  methyl  nitrite  bj 
the  following  property :  nascent  hydrogen  transforms  nitrome- 
thane into  methylamine,  a  reaction  which  does  not  take  place 
with  its  isomeride. 

CIP(NO0     +     3H«    =    CIP.Nff     +    2H»0 

Nitromethane.  Hetbylamine. 

METHYLNITROLIC  ACID. 

This  remarkable  combination  has  been  obtained  by  V.  Mejer 
by  the  action  of  nitrous  acid  upon  nitromethane. 

CH\NO^)  +  NO.OH     =    CH(nJJ^qjj  +  H*0 

It  is  seen  that  in  this  compound  two  atoms  of  hydrogen  of 
the  methyl  group  CIP,  are  removed  by  an  atom  of  oxygen  of 
the  nitrous  acid,  and  replaced  by  the  residue  ( N.OH). 

Methylnitrolic  acid  is  prepared  by  dissolving  5  grammes  of 
nitromethane  in  water,  and  adding  first  a  dilute  solution  of 
potassium  nitrite  cooled  to  0°,  then  dilute  sulphuric  acid  also 
cooled  to  0^,  and  finally  dilute  solution  of  potassium  hydrate 
as  long  a/?  the  red  color  persist.s.  At  this  moment,  sulphuric 
acid  is  again  added  until  the  li(juid  is  decolorized ;  the  solution 
is  then  saturated  with  calcium  carbonate,  and  agitated  witb 
ether,  which  dissolves  the  methylnitrolic  acid. 
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After  the  evaporatioii  of  the  ether,  the  add  remaiiiB  as  large, 
Iransparent,  colorless  prisms,  fusible  at  54^,  but  decomposing 
at  the  same  time  into  formic  acid  and  nitrogen.  Dilute  sul- 
phttric  acid  decomposes  methylnitrolic  add  into  formic  add  and 
nitn^n  monoxide. 


CH«NK)"    =    CH«0* 

Tonnio  acid. 


+      NH) 

Nitrogen  monoxidA. 


The  crystals  decompose  spontaneously  in  a  few  days. 


FULMINATES  OF  MERCURY  AND  SILVER. 

Among  the  important  compounds  related  to  the  more  simple 
organic  combinations  are  those  explosive  salts  known  z&fulmi- 
nates  of  mercury  and  silver. 

They  are  obtained  by  dissolving  mercury  or  silver  in  nitric 
add  and  adding  alcohol  to  the  still  hot  solution.  In  a  few 
minutes  a  brisk  effervescence  takes  place,  and  fulminate  of 
mercury  or  of  silver  is  deposited  as  a  white,  crystalline  precip- 
itate. When  dry,  these  bodies  explode  violently  by  either  heat 
or  percussion.  Fulminate  of  mercury  is  the  basis  of  percus- 
sion-caps. 

The  composition  of  these  salts  is  interesting;  fulminate  of 
mercury  contains  a  monatomic  group,  (NO*),  a  cyanogen  group, 
(CN),  and  an  atom  of  mercury,  all  three  being  united  to  an 
atom  of  carbon,  of  which  the  four  atomicities  are  thus  perfectly 
satisfied. 

Fulminate  of  silver  has  an  analogous  composition,  but  con- 
tains two  atoms  of  silver. 

The  fulminates  may  thus  be  grouped  with  organic  compounds 
containing  one  atom  of  carbon,  especially  with  the  cyanide  of 
methyl  (Kekul6).  The  following  are  some  of  these  com- 
pounds: 

methane. 

methyl  cyanide. 

nitromethane. 

8odiam-nitromPthRne. 

chloro-nitromet  hane. 

trichloro-nitrometbane  (ohioropiorin). 

nitroform. 

tetranitromethane. 

fulminate  of  silver. 

fulminnte  of  mercury. 
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GAGODYL,  OR  DIMBTHTLABSINK 

AbS(GH»)« 

ThiB  intereeting  oompoond  has  long  been  known  in  an  bft- 
pore  state.  In  1760,  Cadet,  demonstrator  of  chemistxy  at  the 
Jardin-du-Roi,  distilled  a  miztoie  of  potuBiam  acetate  and 
white  arsenio  (arsenioos  oxide).  He  collected  in  the  receirer 
an  oily  liquid,  having  an  extremely  offensive  odor,  and  pn>- 
dueing  dense  white  fiimes  in  the  air.  Hence  the  name/irmny 
liquor  of  Cadet 

Bunsen's  investigation  into  the  chemistry  of  this  body  and 
its  combinations  has  become  classic.  According  to  bu  re- 
searches, the  fuming  liquor  of  Gadet  is  a  mixture  of  two  bodiee, 
one  of  which,  containing  only  carbon,  hydrogen,  and  aiseiue, 
plays  the  part  of  a  radiciJ :  it  is  cacodyl ;  the  otlier  body  b  tbe 
oxide  of  Uiis  radical. 

To  obtain  cacodyl  in  the  pure  state,  the  crude  prodnoi  is 
treated  with  hvdrochloric  acid,  which  converts  the  oxide  of 
cacodyl  into  chloride. 

A8*fCH»/0    +    2HC1    =    2As(GH')H)l    +   H'O 

DimethylaniDo  oxidt.  Dimctibjlanliit  ^loridiL 

This  chloride,  separated  by  distillation,  and  treated  with  nae 
at  100°  in  scaled  tubes,  furnishes  free  cacodyl. 

The  latter  is  a  dense  liquid  boiling  at  170®,  and  having  » 
penetrating  arsenical  odor.  It  is  very  poisonous.  It  prodncea 
dense  white  fumes  in  the  air,  even  taking  fire  spontaneously. 
lis  vapor  density  is  7.101. 

According:  to  this  vapor  density,  free  cacodyl  should  be  rep- 
resented by  the  formula  As»(  CH»/  =  (GH')»A9-As(CH7- 

Arsenic  being  either  triatomic  or  pentatomic  it  is  seen  that 
cacodyl  is  not  saturated;  hence  it  can  directly  fix  chlorine, 
oxygen,  etc.,  yielding  two  series  of  compounos.  Thus,  ooe 
molecule  of  cacodyl,  As'Me*,  can  fix  1  or  3  molecules  of  dJo- 
Tine,  forming  the  two  chlorides : 

AH«Me*  +  CP  =  2A8Me«Cl 
As'Me^  +  3CIS  =^  2A8Me>Cl* 

To  the  two  chlorides  correspond  the  bromides,  iodides,  oxide*/ 
mlphates,  etc.     The  oxides  are 

Cacodjl  oxide    [A8(CH»)«]«0 
Caoodylio  sold    Ab(CHS)>O.OH 
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Indcpcndcnlly  nf  the  carodyl  compounds,  otlier  enmbinntionB 
of  aisonic  and  mctltjl  are  known, — the  vielhyl'irtiiun  and  the 
compoonds  r>r  meihyUreonium. 

Tbese  bodies  forin  iwo  surice,  which  were  discovered  and 
atudieid  by  Bacyor.  and  whii?h  hclonf;  to  the  type  AsX'  and 
Tho  conipoiinds  of  the  firel.  kind  arc  not  8u[iirali.'d,  and 
mbiuc  with  CI',  or  iho  equivalent,  of  CI',  paaaing  into  the  J 
f  the  ttattmttiid  ooaipoundA  of  the  series  M\^. 


A.(CU')' 

Ai(CH"lTI 

,          AKCH»)'CI 

[A.Ci»] 

It  is  worthy  of  remark  ihnt  th*  triohloride  of  arsctnit 
iovafiable  of  fixing  CI',  and  piuwiuf;  iiitii  the  state  of  [icn(»- 1 
ohloride.  I 

ThrHL'  u(>in)H)inidi<  need  not  V-  dcsLfibiid.  tt  may  only  be  1 
muntiuneil  thai  triint'lhykreiiii?,  AsfCH')',  is  formed,  together  I 
with  CKeodyl,  by  the  uflion  of  methyl  iudidu  on  sodium  arsenide,  I 
Iftfa  *  liquid  boiling  lielow  lOU". 


^m  ETHYL   COMBINATIONS. 

The  fuonHlomiu  residue  (CU*)'  =  C'H' —  H,  wMeh  b  tlw 
niticttl  of  ordinary  oleoltul,  iti  called  ethyl.     Nanierous  eora-  ' 
poniida  are  known  into  wliich  the  radicttl  enters. 
I^Wfacn  oombined  witli  liydriigen,  it  forma  a  j«6,  CH*,  which 
I  hydride  or  rthnne.     The  chloride,  bromide,  iodide,  and 
e  of  ethyl  were  formerly  designatod  as  timple  elkert. 

C"HSCI  ethyl  chloride, 

Cll«Br  ethjl  bromldo. 

Cnn  etbyl  iodlJc. 

Ca^CS  ethyl  ejaDida. 


lary  alcohol  is  the  hydrate,  «ther  is  the  oxide  of  ethyl.  ' 
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The  fietilfa/  eompoumd  khen  an  derired  ftoni  the  eom- 
sponding  acids  by  tbe  snbatitatum  of  the  zidioal  Cfffbr  didr 
iMaic  hydrogen. 

C>HSO-OH  CiH*a-OC>H» 

AottlcMkL  Ihjlawlrtfc 

OH  ^«^  f  O.C>fl> 


CW^XS  (W 


OH  ^'^^  I  O.C«Hi 


fO.< 
1 0.1 


OnUcMsM.  Mliyl  oaliifts. 

fOH  fO.C*H» 

PO-^OH  PO^O.CiH» 

I  OH  I  O.C«H» 

Pboipboiie  Mid.  Fhoqdiorie  athar  (trlathjl  ptopkili). 

Ethyl  exists  in  the  most  diverse  combinations.  It  can  re- 
place the  hydrc^n  of  ammonia,  forming  ethylated  baaeB.  It 
can  unite  with  ti^e  metalloids  and  metals. 

Free  Efhyl,  or  Butane,  OH^— When  it  is  sought  to  obtein 
free  ethyl  by  heating  ethyl  iodide  to  150^  with  nnc  in  0eiM 
tubes,  the  radical  combines  withltself,  its  molecule  being  donUed 
(Frankland). 

2(?H»I  +  Zn  =  ZnP  +  (C?H»)« 

A  gas  is  thus  formed  which  liquefies  at  -|-1^.  It  wis 
formerly  named  free  ethyl,  but  is  the  hydride  of  butyl,  w 
butane.  Indeed,  it  is  incapable  of  regenerating  ethyl  oompooiKb 
containing  the  simple  radical  (CH*).  When  treated  with  bro- 
mine, it  yields  hydrobromic  acid  and  a  bromide  (yH'Bi*,  wUA 
according  to  Carius,  is  identical  with  butylene  bromide. 

Ethyl  Hydride,  or  Ethane,  (7H*  =  CH'-CH'.-Fnok- 
land  obtained  this  gas  by  treating  zinc-ethyl  with  water. 

Zn((?H»)*     +     2H*0    =     2C»H«     +     Zn(OH)' 

Zinc  ethyl.  Xthano.  ZIdc  hy^nii- 

It  is  a  colorless  gas,  burning  with  a  slightly  blue,  lominoiv 
flame.  When  treated  with  chlorine,  it  yields  ethyl  ofakw 
and  hydrochloric  acid. 

ETHYL  HYDRATE,  OR  ALCOHOL 

C«H«0  =  CH*-CH«.OH 

Alcohol  is  the  product  of  the  fermentation  of  solutions  wUd> 
contain  glucose,  or  a  substance  capable  of  transformatioD  ^ 
glucose. 

It  may  be  formed  synthetically  in  various  manners: 

1.  By  passing  ethylene  gas  into  sulphuric  add  (Hemiel  u^ 
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Fanday)  and  boiling  the  ethylsalpburio  acid  so  formed  (6er- 
bhelot). 

(?H*    +     H»SO*    =    ^g*}sO* 

Ktbylme.  Btbyhnilpniiric  add. 

CH»  J  gQ4      +    HK)  =    CH'.OH    +     ffSO 

Xthylsulphnric  acid.  Alcohol. 

2.  By  heating  ethylene  gas  with  hydriodic  acid  and  decom- 
posing the  ethyl  iodide  so  formed  with  potassium  hydrate  (Ber- 
tJielot). 

CH*   +HI      =(7H*I 

(7H»I  +  KOH  =  CPH».OH  +  KI 

3.  By  bringing  aldehyde  in  contact  with  sodium  amalgam  in 
presence  of  water.  The  nascent  hydrogen  formed  in  this  case 
fixes  upon  the  aldehyde,  converting  it  into  alcohol  (A.  Wurtz). 

CH*0    +     H*    ==    (7H«0 

Aldehyde.  Alcohol. 

Preparation  and  Pnriflcation  of  Alcohol — Alcohol  is 
manufactured  by  distilling  fermented  liquors,  such  as  wine, 
fermented  juice  of  beet-roots,  and  the  product  obtained  from 
the  fermentation  of  malt,  which  is  saccharified  barley,  corn,  or 
other  grain.  The  apparatus  now  used  for  this  operation  has 
reached  such  a  d^ree  of  excellence  that  alcohol  of  95  per  cent, 
may  be  obtained  immediately  by  one  distillation. 

Absolutely  pure  alcohol  is  obtained  by  rectifying  the  alcohol 
of  commerce  over  substances  avid  of  water,  such  as  anhydrous 
potassium  carbonate,  quick-lime,  or  caustic  baryta.  The  last 
portions  of  water  are  removed,  and  absolute  alcohol  obtained 
by  redistilling  the  rectified  alcohol  with  caustic  baryta.  Or 
Bome  sodium  may  be  dissolved  in  the  alcohol,  which  may  then 
be  rectified  on  a  water-bath. 

Properties. — Alcohol  is  a  colorless,  mobile  liquid,  having  an 
Agreeable,  spirituous  odor.  Density  at  0°,  0.8095.  Boiling- 
point,  78.4°  at  the  normal  pressure. 

Alcohol  mixes  with  water  and  ether  in  all  proportions.  Its 
'J'iixtiire  with  water  takes  place  with  elevation  of  temperature 
^d  contraction  of  volume.  The  maximum  contraction  takes 
pWe  when  the  two  bodies  are  mixed  in  the  proportion  of  one 
^olecole  of  alcohol  (46  parts)  to  three  molecules  of  water  (54 

P<«8). 
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Alcohol  absorbs  moisture  when  exposed  to  the  air.  It  dis^ 
solves  many  gases,  liquids,  and  solids.  IKnctures  are  solntiong 
of  various  medicinal  substances  in  alcohol. 

Among  the  simple  bodies  which  are  soluble  in  alcohol  may 
be  mentioned  iodine.  Potassium  and  sodium  hydrates  dissolve 
in  it  readily,  and  it  is  the  same  with  most  of  the  mineral  adds. 
Many  of  the  chlorides  are  soluble  in  alcohol ;  such  are  those  of 
calcium,  strontium,  zinc,  and  cadmium,  ferric,  cupric,  mercuric, 
and  auric  chlorides. 

Alcohol  dissolves  the  natural  alkaloids,  the  essential  oik 
resins,  and  fatty  bodies,  the  latter,  however,  less  readily  than 
ethcT. 

Decompo»ition*. — When  vapor  of  alcohol  is  passed  through 
a  red-hot  porcelain  tube,  it  is  decomposed  into  water,  carbon 
monoxide,  hydrogen,  methane,  and  ethylene.  Besides  tliis, 
carbon  is  deposited  in  the  porcelain  tube,  and  a  small  quantitj 
of  naphthaline  is  produced  (Th.  de  Saussure),  as  well  as 
benzol  and  phenol  (Berthelot).  The  principal  products  of 
the  decomposition  of  alcohol  at  a  dull-red  heat  are  methane, 
hydrogen,  and  carbon  monoxide. 

C^H«0  -=  CO  +  CH^  +  W 

On  the  application  of  a  burning  body,  alcohol  takes  fire 
and  burns  with  a  slightly  luminous,  bluish  flame.  On  contact 
with  platinum  black,  alcohol  vaj>or  mixed  with  air  undergoes  i 
slow  combustion,  which  produces  successively  aldehyde  and 
acetic  acid. 

CMI'O  +  0  -  C«H*0  -f  WO 

Alcohol.  Aldehyde. 

C-HH)  +  O  --  C^H*0* 

Ahlehyde.  AceUc  Acid. 

Acetic  other  and  a  small  (juantity  of  a  volatile,  neutral  body, 
dalled  acetal,  are  at  the  same  time  formed  as  accessory  product 
(Stas). 

The  lamp  witliout  flame  of  Doberoiner  depends  upon  the 
slow  combustion  of  alcohol.  The  wick  of  an  ordinary  spint- 
lamp  is  surmounted  hy  a  spiral  of  platinum  wire,  so  that  when 
the  lamp  is  lighted  the  spiral  is  heated  to  incandescence,  u 
then  the  flame  be  (extinguished,  by  covering  it  for  an  instant 
with  a  test-tube,  the  alcohol  vapor  continues  to  rise  with  the 
air  around  the  still  hot  spiral,  and  undergoes  a  slow  combostion. 
But  the  latter  develops  heat,  and  the  spiral  rapidly  beooiMS 


ftBTL   HYDILATS. 


I  u>  mcandesceiKxt,  tmd  if  tliv 


r  lie  irgHlntwl  1 


mail  (TJiua  vbiintiL-}',  tUc  exiieriiuuiil  uiiiy  ciinlitinc  ai 
k  ciuiu  vitjKiT  i>f  nlcobul  in  sufficiout  ijiinntity. 

n  oxj-^n  Dxidize  altohol  «t  ordinurj  Uiopera-  1 


e  wick  K 


tnrea ;  such  nrt:  clilonc  unU  (.'broniic;  avidK.  IS  a  liitlo  slcchot  ] 
be  poured  upun  a»me  L'liriiinic  uciJ  pluucd  U|>ud  a  brick^  tlit  J 
Hquid  is  imtUL-dinlcly  inflnmt'd  aod  the  chromic  aoid  redui'ed  j 
to  chrtimium  iiixitle.  1 

Clilorino  ultacks  alcohol  with  jnieat  energy,  the  fiiitd  produet  I 
of  the  reaction  beioj;  a  bod^  wliiL-h  luu  ruwivi^d  ibtt  uuuia  I 
ehhnii  (Liebig,  Ihimaaj. 

If  a  small  piece  of  potttf^ium  ur  Hudium  be  thrown  into  [i 
>lc»boI,  the  meul  boud  metiH,  nod  tb(.-ii  diawlves  with  dixco-  j 
gacument  of  tiydrugen.  Tlie  pruJuct  ul'  the  reuctiou  is  u  (.Ty»-  | 
UlUnc,  solid  uutlor  wbieb  in  utlijluu;  of  |)ot«seium  ur  eodiuin,  j 
ibal  is,  It  body  derived  IVuiu  alcohol  by  Llie  eubatitutioD  of  an  ] 
tima  of  tm  alkaliiiu  mct^  for  un  atom  of  hydrogen. 


CH*^ 


Cil' 


>f 


acHtlmn  Mbi'liilf. 


TTmi  of  AloohoL— Alcohol  is  used  m  a  comboBtible  in  apiriU 
lamps.  In  tbeiiTts,  it  is  employi-d  in  the  manufaclurc  of  ether, 
ub1ori<ri>Tiii,  vaM  de  e<ilo^iie,  and  many  other  prodacls.  It  is 
Inrgety  uftwl  in  ibe  laboratory,  and  in  jihanuacy,  as  a  solvent; 
it  serves  ibr  the  proservatioo  of  nnulomioal  Bpetimens.  In 
Franco  nud  Knf^land,  aluohul  employed  fur  certain  inUnstrial 
uses  is  excmpt«d  Irum  part  of  the  lux,  when  it  has  previously 
been  mised  with  ttbuut  ono-t«nth  of  wood'Spiiit  and  a  few 
per  cent,  of  minrrnl  oils  and  resin.  Sacb  a  mixture  is  unfit 
for  the  manufacture  of  brandy  and  lti|aort<,  but  itH  usefulnesB 
10  a  solvent  is  in  many  caaes  uninipnin-d. 

Alcohol  estBls  in  fenuente<l  liijucirs,  such  nawinc,  cider,  and 
beer.  It  is  cunLuined  in  much  lurgrr  (|uantities  in  brandies, 
whiskeyx,  nud  spiritM.  These  are  products  of  the  distillation  of 
rarioQs  alcohnlic  liquids.  Ttiey  are  more  or  let<s  rich  in  alco- 
hol. Brandy  is  prepared  by  the  distillation  of  wine,  cider,  or 
the  products  of  fermentation  of  eberry-juiee  ( cherry-brandy ),,< 
Baa»r-eune  (rum),  beet-root  molasses  (beet-brandy).  Whiskey 
la  alKtiUed  from  femitDtcd  storoby  materials,  such  ns  com, 
nntAtoes,  ettv,  the  sljirtb  liein<!  first  saecliurified.  The  richi 
uf  Iheau  materials  in  alcohol  is  iDdiLiated  by  the  degrees 
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alooholoiBeter.    The  fUbmig  taUe  gifw  die  etnoRlli  of  me 
of  these  liqiunL    (For  wine^  heeri  etei,  lee  pege  63S). 


I»niid7 16«  SrJ 

Piooffpirili 19^  .61.1 

Strong  brandy tT*  MJ 

OrdinwT  akohol ST*  M.1 

Reetilled  aloohol  (ttronfMt  eommwoul)  40<*  Oft. 

AkMolnto  aloohol 41.3«  IM. 

BTHTL  OXIDE,  OR  ETHER. 

(C»H»)"0  -.  CHM)HM)-CHMJH» 

If  ethyl  iodide  be  added  to  an  alcoholic  Bolation  of  ethjiate 
of  sodium  and  a  gentle  heat  be  applied,  a  depodt  of  sodiom 
iodide  is  formed  and  vi^rs  are  disengaged  which  may  be  con- 
densed in  a  cooled  receiver  into  an  ethereal  liquid.  It  u 
oxide  of  ethyl. 

<?H»I        +        ^H*>0  «  N.I  +  ggt>0 

EDtyl  iodide.  Sodium  ethyUto.  Sthjl  ozid*. 

If,  in  the  preceding  experiment,  the  ethyl  iodide  be  replaced 
by  methyl  iodide,  an  extremely  volatile  liqnid  will  be  formed, 
which  is  the  double  oxide  of  methyl  and  ethyl. 

CH«I    +     ^»*>0    «    Nal     +    ^^l>0 
Methyl  iodide.  Oxide  of  methyl  and  elbjL 

These  classic  experiments,  due  to  Williamson,  show  tbit 
the  oxide  of  ethyl  contains  two  ethyl  groups.  It  mtybc 
regarded  as  alcohol  in  which  the  hydrogen  atom  of  the  ff^ 
hydroxy]  is  replaced  by  ethyl. 

H-O-H  C«H«-0-H  C«H»-0-C«H» 

Water.  Alcohol.  Xthyl  oxide. 

Ether  may  also  be  obtained  by  the  action  of  ethyl  iodide  oo 
sodium  oxide,  or  silver  oxide. 

Preparation. — Ether  is  prepared  in  the  arte  by  the  m^ 
of  sulphuric  acid  on  alcohol.  A  mixture  of  9  parts  of  con- 
centrated sulphuric  acid  and  6  parts  of  alcohol  of  90  percent 
is  heated  in  a  flask,  A  (Fig.  122),  and  a  small,  continnoos 
stream  of  alcohol  is  allowed  to  flow  into  this  mixture  through 
the  funnel-tube  a.  The  temperature  of  the  liquid,  indicated  bf 
the  thermometer  ty  should  not  exceed  140  or  146®.  The  Tip^ 
disengaged  is  condensed  in  a  Liebig's  condenser,  B,  thnmg'^ 


ETnYL   OXIDE. 

which  8  stream  of  cold  water  flows  coDtinuallv.  Under  tlieM 
coniJitionA,  a  mixture  or  ether  and  wat«r  collccfa  in  the  i 
cciver  U,  logetlitr  with  a  little  alcohol,  and  tiiw.udH  the  < 
of  the  operation,  a  Hinall  qoontity  of  sulphuruiis  acid  eas  is 
diaengaged.  The  produi-l  ia  puriGed  by  washing  with  milk  of 
lime,  and  then  with  pure  wuter,  atlur  which  it  k  ru-ctified  over 
calfiiiiu  c>hliiride  iiii  a  wnter-bath.  Fig.  1^^  represents  t 
aiirmmtiis  used  for  piiblie  dmnonstration ;  iii  the  arta,  the  o 
iion  U  fonducted  ou  a  large  seolc:  In  apparatus  of  ananslogo 
eonatruction. 


Theory  of  Etherification.  —The  transformuLiuu  »t'  uU 
iiiio  ether  is  a  true  liehydrutiou,  brought  about  by  the  8 
(fknric  acid. 

2(C'H'.0H)  =  (C»n')'0  +  ITO 

ID  clearly  proved  that  it  is  efTecled  in  two  distiiu 

;  io  t3ie  first,  vtliyleulphurii'  ueid  iind  water  are  formes 

H>0      ^       H>''" 


[,>SOt 
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In  the  second,  anotiier  moleeok  of  aloiAd  nutB  witk  As 
ethylsnlpbnric  aeid ;  ether  is  fimned  ud  eolphiiiie  aeU  is 
regenented. 

IthjiMlpkiirieadd.        AkolwL  Eth&r,         8al|*vieMll 


Henoe  the  ether  and  water  collected  in  the  leceiver  an  pro- 
dncts  of  two  diatinct  phases  of  the  reaction.  Eth jkolphiiiie 
acid  is  oontinaally  formed  and  as  continually  decompofled, 
regenerating  sulphuric  acid  ready  to  act  upon  new  por- 
tions of  alcohol.  However,  although  the  operation  is  con- 
tinuous, it  cannot  go  on  indefinitely,  for  the  mixture  Uackeofl 
ailer  a  time  and  becomes  unfit  to  etherify  new  quantities  of 
alcohol. 

Properties  of  Ether. — Ether  is  a  colorless,  Tciy  mobile 
liquid ;  its  taste  is  at  first  burning,  then  cooling ;  its  odor  is  soaTB 
and  agreeable,  and  is  called  ethereal.  Density  at  0^,  0.7366. 
Boiling-point  under  the  normal  pressure,  34.5^. 

It  m  but  slightly  miscible  with  water,  on  the  surface  of  wbidi 
it  forms  a  separate  layer.  9  parts  of  water  dissolve  1  part  of 
ether ;  36  parts  of  ether  dissolve  1  part  of  water.  Etber  dis- 
solves in  all  proportions  in  alcohol  and  in  methyl  alcohol 

It  slightly  dissolves  sulphur  and  phosphorus,  and  notaUe 
quantities  of  bromine,  iodine,  ferric,  mercuric,  and  auric  chlo- 
rides, and  many  organic  bodies,  such  as  the  oils,  fats,  resios, 
alkaloids,  etc. 

Ether  is  largely  used  as  an  anassthetic  in  surgical  oneratioDi' 

It  is  very  inflammable  and  bums  with  a  quite  lumiooos 
flame.  It8  va))or  explodes  violently  when  mixed  with  air  or 
oxygen  and  i«rnitcd. 

If  a  heated  spiral  of  platinum  wire  be  suspended  in  a  glass 
jar  containing  a  little  ether,  in  such  a  manner  that  the  lower 
extremity  of  the  wire  is  but  a  little  distance  ftom  the  snr&ce 
of  the  liquid,  the  wire  will  soon  become  brightly  incandeaceot 
and  will  ignite  the  ether.  This  effect  is  due  to  the  ether  nf^ 
which,  coming  in  contact  with  the  platinum,  and  being  wxixi 
with  air,  undergoes  a  slow  combustion.  Heat  is  thus  developadf 
and  the  wire  becomes  incandescent. 

Chlorine  acts  on  ether  with  extreme  ener^.  If  the  afld^ 
be  moderated,  various  products  of  substitution  are  obtaiDedf 
among  which  the  following  have  been  well  studied : 


SCLFBrDKATE   AND    BULPBtDB   OP   ETHrL. 
[  MoBochlDntlwr       '^p'^>0     liquid  boiling  H  99-99". 
DieblorHbu'  '^  c^h'^''     ''1°'''  "filing  »'  UO-HT". 

T*trachlorcthBT      ^Jcl''^'^     liqoW.  dBmity  I.S. 
ParcblontW  ^^>"      Mlarlm  orytUJi,  fiuibta  mt  09°. 

The  last  is  n  Milid  body,  cryetullUin);  in  nctabedm.     By  tl 
•Ltioa  ul'  bi^iLl  it  \a  duuompueeii  into  ctrbon  aesquicbloride  avi 
aldclijde  (Mulugoti). 


pWchloraldeljde  ( 

^^^V  Pnrlilonthar 

^^^Tlien  two  part* 


lien  two  ports  uf  bromini'  aro  added  to  une  purt  of  ettieo', 
and  tliu  mixture  ia  coolod,  a  gariiel-coli.iri.-d  liquid  separatcH 
and  Houn  crystalline.  It  is  a  compound  of  bromine  and  ether, 
{tl'H'j'O.Br',  which  crystalliEeB  in  thin,  red  platee,  fudble  at 
'i'2'' ;  it  is  easily  decomposed  tSehiitienberger). 


SULPHYDRATK   AND  StTLPIIlDK   OF   ETHYL. 

Two  bodies  are  knriwn  whieh  aro  intimately  related,  as  re>fl 
gards  their  constitutions,  witii  aWhol  and  other.  They  anM 
the  tnljihyilriile  and  the  mlpkiilf  nf  ethyl.  The  firet,  formerij* 
known  as  tiin^captnn,  repreeenls  a]c«hol  conUdning  an  atom  ta 
gnlphur  instead  of  an  atom  of  oxypien ;  the  second  representt'1 
.  elber  in  whieh  the  oxygen  atom  is  replaced  by  sulphnr. 


CH'.on 

{C?H=)K> 

Eth,l  l.j'JniW. 

Ith^l  Ulld.. 

eH'.RIT 

(CI!')'8 

Bbyl  ..ilphj-dBOB 

Klhjl  lulphldii 

Elkyt  Kxiphydriiir.  vi  obtained  by  distilling  u  concentratetl'l 
aqacooH  solution  ul'  potnssiam  snlphydrate  with  a  solution  cpf  f 
polasBiiun  bihyUnlplutc. 

It  may  also  be  prcparwd  by  puseiug  vapor  of  ethyl  ehloride 
into  an  alcoholic  solution  of  potassium  sulphydtal*.  The  liquid 
i«  distilled  as  «oon  aa  it  i«  snturnled  with  ethyl  chloride,  and 
r  ia  added  to  the  tUstillate.     Ethyl  sulphydratc  separates. 
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Ethyl  sulphjdrote  is  a  tmneparent,  cotoFlees  liquid,  verj  m^ 
bile,  and  baviiig  a  fetid  odur.  Denaily  at  21°,  0.8^5.  Boil- 
ing-point, 36.2"  (Liebig). 

It  reacts  enei^tituilly  with  mercnric  oxide,  fonoiDg  irtitr 
and  a  whit«,  cryt^talline  body  which  represents  ethyl  salp))}- 
drate  in  which  tbe  hydrogen  ia  replaced  by  mercury.  Henw 
the  name  mercaptan  (mereurium  laptaua),  given  to  llie  soiphj- 
drate  of  ethyl  by  Zeise.  This  mercuric  compound  is  insalnble 
in  water;  it  contains  (CH'Sj'Hg". 

Slhi/l  rulphide  \a  obtained,  like  the  sulphydnite,  by  douUe 
decoui  posit  ion.  Vapor  of  ethyl  chloride  is  passed  into  u  iIob- 
holic  solution  of  potassium  monosulphide. 

K'3        +      2C'H'CI      =    2KC!     +    (CH*)? 

PotuiliKD  •qlpbldo.  Bthjl  cliloHdc  BtkjrIiiIlFUla 

Ethyl  sulphide  ia  a  colorless  liquid,  baviDg  a  gulicV^  odo. 
It  boils  at  75°.     It  is  insoluble  in  water. 


ETHYL  CHLORma 


This  body  is  prepared  by  saturatini;  alcohol  with  faydiwUdW 
acid  gas  and  distilling  on  a  water-bath.  Ethyl  chloride  is^ 
engaged,  and  should  be  passed  first  through  a  wash-bottle  iD^ 
then  through  a  tube  contaioing  calcium  chloride,  after  whick  it 
may  be  condensed  in  a  receiver  placed  in  a  treezing  miitan- 

fielow  11°  ethyl  chloride  isamobilc,  colorless  liquid, harinif 
a  penetrating  and  agreeable  odor.  It  boils  at  11"  ;  ilisinfc* 
mable,  and  burns  with  a  flame  tinged  with  green. 

If  some  solution  of  silver  nitrate  lie  agitated  in  a  jir  w^ 
taining  vapor  of  ethyl  chloride,  no  precipitate  will  be  fomwdl 
but  if  the  ajjitation  bo  continued  after  the  vapor  bw  bees 
ignited,  an  abundant  precipitate  of  silver  chloride  will  t' 
formed,  owing  to  decompitsition  of  the  silver  nitrate  by  the  by- 
drochloric  acid  produced  by  combustion  of  the  ethyl  chlori*. 

Ethyl  chloride  produces  a  precipitate  of  silver  chloride  wIk^" 
pBsaed  into  an  alcoholic  solution  of  silver  nitrate. 

Chlorinated  Derivatives  of  Ethyl  Chloride. — When  etiij' 
chloride  ia  submitted  to  the  action  of  chlorine,  varioa§  «*■■ 
pounds  are  successively  formed  bv  the  substitution  of  cUw"** 
for  hydrogen,  atom  for  atom.     The  following  is  the  nomwoi*' 


tui?  und  compiiBhiiin  iif  I.bcM-  I'liloriniited  < 
^jere  dtecovcreJ  Ly  V.  Kegnuull.. 

^^^  CU^Cl   elbjl  cUoriJ«. 

^^^L  CU^CI'  diobluntbiDi  [etbylidliio  ihloridcl— 

^^H  CU'CP  IrtchloTCttiaDe— bulla  ul  Ji". 

^^H  C<H>CI*  MIruhlgreCliftDe— boili  m  I3T.A°. 


ui|H)undr!,  whiol 


.n). 


tt  will  be  ooticed  that  ihn  aoccmd  of  these  compounds  is 
boDicTic  with  ethylene  chloride,  or  Dutch  liquid,  of  which  the 
^^ecription  will  be  found  farther  on.     It  may  he  obtained  by 
ing  aldehyde  with  phosphorus  pcDtachloride. 
pH'-CHO    +  PCI'  ^  CH»-CHC1'     +     POCI' 

Aldihgrd*.  tJIelilurMhun.      FLupliorui  oxjiiiliIarM*. 

Thia  mode  of  fiinufttion  indicates  iu  constitution,  which  IB- 
lutpressed  by  the  fonnitla 

CH" 
CHCi' 
diatinguidh  it  from  ita  isomeride  ethylene  chloride, 
CH'Cl 
CH'Cl 
dii-lilnrelhanv  nr  clhylidene  chloride. 
the  Be8<|uicliloridH  of  carltt'O,  COl',  thu  liydntgen  ai 
I  reptuotAJ  by  chlorine.     t)iirbi)n  m-scjuichloridu  is  a  i  _ 
le  solid,  luvltiiig  ut  Hi'i°,  and  IniiUng  at  182°  (Faraday). 

ETHYL    BROMIDE. 


'    dMcripti 


i 


Ethyl  bromide  is  prepared  by  distilling  a  mixture  of  alcohol, 
bromine,  and  amorphous  phosphorus,  or  a  mixture  of  potassium 
bromide,  alcohol,  and  sulphuric  acid  diluted  with  iis  o»u  volume 
of  wati.'r.  In  either  case  the  distillate  is  waahed  with  wal«r, 
and  the  oily  ethyl  bromide  separated  and  dried  with  potassium 
carlmoate. 

Ii  is  a  colorlesB,  rerracting  liquid,  havinp  an  odor  resem Wing 
tliat  of  chloroform,  and  a  buruing  laste.  It  mixes  in  all  pro- 
portions with  aluohol  and  ether,  but  is  iosoloble  in  water.  Its 
density  at  16"  is  lAWJ,  and  it  boils  at  40,7°. 

It  has  been  employed  to  a,  liniit«d  extent  as  an  anmsthetio.  j 
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ETHYL  IODIDE. 

C«H»I 

This  important  compound  is  prepared  by  the  action  of  alco- 
hol on  iodine  in  presence  of  amorphous  phosphorus.  Phos- 
phorus iodide  is  formed,  and  reacts  upon  the  alcohol,  yielding 
ethyl  iodide  and  an  acid  of  phosphorus.  The  former  distils 
into  the  receiver,  together  with  the  alcohol  which  escapes  the 
reaction.  Water  is  added,  and  the  lower  layer  of  liquid  is 
separated,  dried  with  calcium  chloride,  and  rectified  on  a  water- 
bath.  « 

Ethyl  iodide  is  a  colorless  liquid,  but  becomes  brown  when 
long  kept,  especially  when  exposed  to  light.  Density  at  0°, 
1.9753.     Boiling-point,  72.2°. 

It  can  exchange  its  iodine  by  double  decomposition,  as  can 
potassium  iodide.  If  ethyl  iodide  be  added  to  an  alcoholic 
solution  of  silver  nitrate,  a  yellow  precipitate  of  silver  iodide 
is  at  once  formed,  while  ethyl  nitrate  remains  in  solution. 

C^H^I     +     AgNO»    =    Agl     +     (CPH^jNCy 

Ethyl  iodide.  Silver  nitrate.  Ethyl  nitrate. 

ETHYL  CYANIDE. 
C'H^N  =  CH»-CH«-CN 

This  compound  Is  formed  when  ammonium  propionate  is 
distilled  with  phosphoric  anhydride. 

(Nll^)C'HW    =     CTI^N     +     2H*0 

Ammunium  pnipionate.        Etliyl  cyanide. 

From  this  mode  of  formation,  ethyl  cyanide  is  sometimes 
CfAX^ii  propionitrih.  The  same  body  exists  in  the  product  of 
the  distillatiun  of  a  mixture  of  potassium  cyanide  and  potasauB 
ethylsulphato. 

KCX  +      ^^^>S0*      =      ^>S0*      +      C«H*.CN 

Putawium  Putaasiiim  Potassium  Ethyl  cyanide, 

cyanide.        ethylsulphato.  sulphate. 

But  this  product,  which  is  liquid  and  has  a  variable  boiliDg- 
point,  contains,  independently  of  the  true  cyanide  of  ethyl  an 
isomeride  of  that  body,  whose  existence  was  foreseen  by  Mejej 
and  discovered  by  Gautier  in  the  product  of  the  action  of 
ethyl  iodide  on  silver  cyanide. 


I 
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Ethjl  cjBQide  18  a  oolorlees  liquid,  haviog  a  peoetatiDg  and 
iasant  odor.     It  boila  at  96.7^. 

When  it  is  boiled  with  potassium  hydrate,  potassium  propio- 
te  is  formed  and  ammonia  is  disengaged  (Dumas,  Malaguti, 
1  Le  Blanc). 

C»H*N    +    KOH    +    HK)    =    K(?HHy    +    NH» 

^1  cjanide.  PotaMiiim  propionate. 

When  ethyl  cyanide  is  brought  into  contact  with  dilute  sul- 
uric  add  and  zinc,  it  fixes  4  atoms  of  hydrogen  and  is 
iverted  into  propylamine  (Mendius). 

CH*N    +     H*    =    (?H»N 

Ethyl  cyanide.  PropyUmine. 

RUqrlcarbylamine. — This  name  was  given  by  Gautier  to  the 
meride  of  ethyl  cyanide  already  mentioned.  It  is  a  oolor- 
B  liquid,  haying  a  veiy  penetrating  and  intensely  offensiye 
or.  It  boils  at  79°.  With  potassium  hydrate  it  yields  po- 
num  formate  and  ethylamine. 

njmi^     +     KOH  +  H»0=-     H— N     +     KCHO« 
en*  g  / 

Kthylcarbylamioe.  Ethylamiae.         PotaMrinm 

formate. 

ETHYL  NITRITE,  OR  NITROUS  ETHER. 

C«H*.0-NO 

This  compound  is  obtained  by  the  action  of  nitric  acid  on 
oohol.  The  reaction  is  very  violent,  and  abundant  red  vapors 
^  evolved.  After  passing  through  a  waah-bottle,  they  are 
)nducted  into  a  well- cooled  receiver,  where  the  ethyl  nitrite 
)nden8es. 

It  is  a  yellowish,  very  volatile  liquid,  whose  odor  recalls  that 
f  apples.  It  boils  at  18°.  It  is  but  slightly  soluble  in 
^•ter.  Hot  water  immediately  decomposes  it  into  alcohol  and 
itrous  acid,  the  latter  being  itself  decomposed  into  nitric  acid 
i^d  nitrogen  dioxide. 


NITRETHANE  AND  ITS  DERIVATIVES. 

C«H»-NO» 

This  isomeride  of  ethyl  nitrite  represents  ethane,  CH',  in 
'nich  one  atom  of  hydrogen  is  replaced  by  the  group  (NO*)'. 
'^  is  the  superior  homologue  of  nitrometbane. 
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It  is  obtained,  togBtber  widi  a  oettain  qnantiH^  of  fl&jl 
nitrite,  when  ethyl  iodide  is  treited  with  aihrer  nitnte. 


(?H»I    +    AgNO*    =    (?H»(NO*)    +    Agl 

Sthyl  todkto.  BXirw  nttrlto.  HitntteB*. 

It  is  a  liquid  having  a  peooliar,  ethereal  odor  and  bdEiigit 
lia-114*^.    Density  at  13*»,  1.0682  (V.  Meyer). 

With  nascent  hydrogen,  it  fnmiflhes  pure  ethylamine. 

(?H*(NO»)  +  3H*  =  (?H»(NH»)  +  2HK) 

All  of  the  homolognes  of  nitrethane  thns  vield  the  com- 
sponding  amines.  It  is  a  general  character  of  the  nitro  com- 
pounds, and  one  which  is  not  possessed  by  their  isomeridfli, 
the  fiiirous  ethen.  In  oonstitation  and  properties,  nitntbiie 
approaches  nitrobeniol,  as  will  be  seen  by  the  fbOowing  cob- 
parison  of  their  fbrmulao: 

(?H».H  GWM 

BUmq6.  BraaoL 

(?H»(NO»)  CfHXNOO 

NitreUiane.  NitrolMiiioL 

(?H*(NH«)  (?H*(NH«) 

Ethjrkmlne.  Fhenylamine  (aniline). 

The  presence  of  the  group  (NO*)  confers  acid  properties 

upon  nitrethane.    Its  sodium  compound,  (?H*<^    ,  isfcMriBd 

either  by  the  action  of  an  alcoholic  solution  of  sodium  hydnte 
on  nitrethane,  or  by  the  direct  action  of  sodium  on  the  woe 
body;  in  the  latter  case  hydrogen  is  disengaged.  Soduuft- 
nitrethane  is  very  explosive  (V.  Meyer  and  Stuber), 

When  it  is  sought  to  prepare  potassium-nitrethane  bf  ^ 
action  of  alcoholic  potassium  hydrate  on  nitrethane,  the  w^ff 
body  is  decomposed,  yielding,  among  other  products,  potaamiB 
nitrite.  Now,  the  latter  salt  exerts  a  remarkable  action  on  u- 
trethane,  givinjj;  rise  to  a  new  body  of  complex  compofltn* 
potassium  ethylnitrolaie. 

Ethylnitrolic  acid  may  be  obtained  by  a  process  analogous  t^ 
that  which  has  been  described  for  the  preparation  of  metbji* 
nitrolic  acid.     Ethylnitrolic  acid  contains 

(!tN.OH 


■  t 
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It  oijBtalliieB  ID  light-yellow,  tmisiMunent  pnsnis,  posBesBug 
i  feeble  bluish  flaoresoence  and  a  very  sweet  taste.  It  decom- 
yoees  without  violence  at  81-82°  into  nitrogen,  nitrous  vapors, 
knd  acetic  acid.  When  boiled  with  dilute  sulphuric  acid,  it 
iecompoees  into  acetic  acid  and  nitrogen  monoxide. 

(?H*NK)»      =    CHHy    +     NK) 

XtlijlnitroUe  add.  Aestie  acid. 

ETHYL  NITRATE,  OR  NITRIC  ETHER. 

(C*H»)NO» 

This  is  obtained  by  the  action  of  nitric  acid  upon  alcohol  in 
presence  of  a  small  quantity  of  urea.  The  latter  body  prevents 
the  reduction  of  the  nitric  acid  to  nitrous  acid.  Nitric  ether 
eondenses  in  the  receiver.  It  is  washed  with  water,  dehydrated 
with  calcium  chloride,  and  rectified.  It  is  a  liquid,  having  an 
agreeable,  ethereal  odor.    It  boils  at  86°.   Density  at  0°,  1.1322. 

Potassium  hydrate  decomposes  it,  like  all  compound  ethers, 
forming  potassium  nitrate  and  alcohol. 

(CH*)NO»  +  KOH  =  CPH».OH  +  KNO» 

It  dissolves  in  ammonia,  especially  if  the  latter  be  warm, 
yielding  ammonium  nitrate  and  ethylamine.  The  reaction  is 
analc^us  to  that  of  ammonia  upon  methyl  nitrate. 

ETHYLSULPHATES. 
Ethylsnlphnrio  or  Snlphovinic  Acid. —     ^  y  SO     = 

UQ>S0*.     This  body  is  an  example  of  an  acid  ether.     It 

lesults  from  the.  substitution  of  a  single  ethyl  group  for  one 
itom  of  hydrogen  in  sulphuric  acid,  which  b  dibasic. 

5  }  SO*  ^^'>S0* 

It  is  formed  by  the  action  of  sulphuric  acid  upon  alcohol. 
Tke  mixture  of  the  two  bodies  becomes  hot,  and  if  after  cool- 
^Dg  the  liquid  be  diluted  and  saturated  with  barium  carbonate, 
*o  abundant  precipitate  of  barium  sulphate  will  be  formed,  and 
a  soluble  salt  of  barium,  the  ethylsulphate,  will  remain  in  solu- 
^^^'  A  solution  of  ethylsulphuric  acid  may  be  obtained  by 
exactly  decomposing  this  salt  with  dilute  sulphuric  acid. 

42* 
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Bj  boiling,  ethjlsolpharie  add  is  deoomposed  into  ralphiiric 
acid  and  aloohoL 

e'='}so.  +  i}o  =  <™'}o+=J80- 

The  ethylsolphates  are  beautifiil  salts ;  they  are  dyBtaUis- 
able  and  soluble  in  water. 

Ethyl  Sulphate.— ggl I  SO'     =     5h*0>^^-   "^ 

body,  which  represents  sulphuric  acid  in  which  the  two  atoms 
of  hydrogen  are  replaced  by  two  ethyl  groups,  is  formed  when 
vapor  of  sulphuric  anhydride  is  passed  into  ether  cooled  in  t 
freezing  mixture  (Wetherill). 

((7H*)»0  +  S0»  =  ((?ff)'SO* 

It  is  an  oily  liauid  haying  an  acrid  taste.  Its  density  is 
1.120.     It  cannot  oe  distilled  under  ordinary  pressures. 

ETHYLSULPHUROUS   ACID. 

C«H6.S0»H 

When  mercaptan,  (?H*.SH,  is  oxidized  by  nitric  add,  a  thick, 
very  acid  liquid  is  obtained,  which  in  a  dry  vacuum  solidifies 
to  a  crystalline  mass.  It  is  ethylsulphurous  acid,  which  con- 
centrated nitric  acid  oxidizes  and  converts  into  ethjlsulphunc 
acid.  Unlike  the  latter,  ethylsulphurous  acid  is  very  stable. 
It  is  not  decomposed  by  boiling  with  potassium  hydrate:  when 
fused  with  the  latter,  it  yields  potassium  sulphite  and  alcohol 

C^H^SO^K  +  KOH  =  (?fl^OH  +  K«SO* 

Phosphorus  pentachloride  converts  it  into  a-ethyhulphwrwi 
chloride,  C^H'^-SO^Cl,  a  liquid  boiling  at  173^. 

Ethylsulphurous  acid  is  analogous  in  its  properties  and  con- 
stitution to  phenylsulphurous  acid,  and  its  analogues,  which 
will  be  described  ;  they  are  known  as  mlphontc  acids.  Ew'J'' 
sulphurous  acid  is  the  sulphonic  derivative  of  ethane. 

C«n«  otlmne.  C«H«  beniino.  .. 

C»118.S0»H  ethylsulphurous  acid.     C«H*.S03H  phonylsulphuroos  tcHl. 

ETHYL  SULPHITES. 

There  are  two  sulphites  of  ethyl  which  present  intere^i^ 
relations  of  isomerism. 
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1.  If  silver  sulphite  and  etbTl  iodide  bo  bested  together,  • 
a  double  decomposJiioD  Lakes  pUce,  yielding  Bilvcr  iodide  and  I 
etbjl  Ralph  ite. 

AgSCOAg  +  2CH»I  =  2AgI  +  CH».SO'.OCH' 

BUnr  Mlphlta.  Blbjl  loiUds,  <v-Elhil  lulpUM. 

This  BiilphiU  18  Ibe  eiber  of  the  ethylsulphurooa  acid  which 
hu  been  deaoribed.  It  ma;  be  obtaiued  by  the  action  of  eth;]- 
Ntlpbnraus  ohioride  on  Bodium  ethyUte, 

PH'.SO'.Ol  +  Ca*.ONa  =  NaCl  -)-  C'H'.SO'.OCH' 
It  is  a  liquid,  hoilicg  at  208°,  and  having  at  ii''  a  density  of  j 
1.47.  I 

2.  By  the  action  of  thtonyl  (suiphuryl)  ohioride  on  aboo-  J 
lute  aloobol  there  is  obtained  an  ethyl  sulphii«  uomeric  with  | 
the  preceding. 

80<§   +   2CH'.0H   =   2HCI   +  S0<2^^1 

ThloDTl  eblodde.  BjmiDiiliiD  ethjl  ■olpfcll*. 

This  ether  correspoods  to  ethyl  sulphate.  When  heated  with 
water  it  is  decomposed  into  tulpharous  acid  and  alcohol.  Pbos- 
phonis  peotachloride  converts  it  into  ^-elk^kiilphurout  Morule, 
taomeric  with  the  a  compound,  and  boiling  at  1^2°. 

80<g[;[j!  +  PCI'  =  POCP  +  C'H'Cl  +  SO<^pg, 

^.•■krliulpbila.  ^ihiliulphuKoi 

When  it  is  treated  with  an  e<{aiva]eDt  quautity  of  potnasium 
hydraU)  in  alcoholic  iolutiou,  potaaaium  ^-cthyUulphitc  sepa- 
rates in  brilliant  Hoale». 

This  suit  is  isuuieric  with  that  obLiined  with  a^thyleolpha- 
nma  aoid. 

The  two  aulphnroua  ethers  just  di^cribcd  correspond  to  two 
possible  isoiueric  modificatiuns  of  sulphurous  acid. 
8i-o<i;| 

P8»<!!II  »"»'<5h 

■Dlpbanu  «ict  (aoknown).  tllmjmaUU  nilpliiimiu  kM  (Dnknova). 
»<S?.ii-         ■  «»'<?,"h. 

rMuMau  9-*lhrlsnlpnii«.  s-ttlijiliiiltihiiruui  uU 


JMlhflWlCtllK. 


*-*Ih][|  wipblu. 
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PHOSPHORIC  ETHERS. 

Orthophosphorio  add  forms  three  ethyl  ethers,  and  in  gencnl 
three  series  of  ethers  corresponding  to  the  three  series  of  ortho- 
phosphates. 

PO(pHy(0(?H»)        PO(OH)(0(?H»)«        P0(0(?H7 

MonethjrlpbMphorio  add.  Diethylpboeplioiic  add.  Triecbylpboiftelik 

We  can  only  describe  triethylphosphate,  which  may  be  ob- 
tained by  the  action  of  anhydrous  ether  on  phosphoric  anhj- 
dride,  or  by  the  action  of  phosphorus  oxychloride  on  sodiiui 
ethylate. 

P0C1»  +  3CH*.0Na  =  3NaCl  +  PO(0(?H»)» 

De  Clermont  has  obtained  it  by  the  reaction  of  ethyl  iodide 
with  silver  phosphate. 

It  is  a  syrupy  liquid,  soluble  in  water,  alcohol  and  ether. 
Its  density  at  12''  b  1.072.  It  boils  at  215"".  It  is  retdilj 
decomposed  by  water  into  alcohol  and  diethylphosphoric  acid. 

PO(OC*H*)»  +  HK)  =  P0<^^25),  +  C»H».OH 
NORMAL  ETHYL  BORATE. 

Bo(OC«H»)» 

Triethyl  borate,  corresponding  to  boron  trichloride,  BoCP,  i« 
obtained  by  distilling  borax  with  potassium  ethylsulphate.  It 
is  also  formed)  independently  of  other  boric  ethers,  by  the 
action  of  boron  trichloride  on  absolute  alcohol.  It  is  a  color- 
less, limpid  liquid,  boiling  at  119"".  Density,  0.885.  It  boros 
with  a  green  flame.  Water  decomposes  it  into  boric  aoid  and 
alcohol. 

ETHYL  SILICATES. 

Ebelmen  has  described  several  silicates  of  ethyl.  To  silicon 
tetrachloride,  SiCl*,  there  corresponds  an  ortho^ilicic  ether, 
Si(OC^H*)* ;  to  the  chloride,  Si'Cl*,  there  corresponds  an  ether, 
Si\OC=^H*;«.  A  metasilicic  ether,  SiO(OC«H»)«,  has  also  been 
described,  but  its  existence  is  not  certainly  established. 

Ethyl  orthosilicate,  SiCOCH^/,  is  a  colorless  liquid,  boiling 
at  166-168°,  and  having  a  density  of  0.933.  It  bums  with 
a  brilliant  white  light,  diflfusing  a  smoke  of  silicic  acid.  It  is 
insoluble  in  water,  which  gradually  decompoees  it  into  alcohol 


t  . 
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snd  silicic  acid,  the  latter  being  deposited  as  a  very  bard, 
Titreoas  mass. 

Ethyl  disilioate,  Si'(OC'H>)',  is  fonned  by  tbe  action  of 
silicon  chloride  on  alcohol  not  absolutely  free  from  water. 

ETHYL  ORTHOCARBONATB. 
C(OC«H»)* 

Basset  obtained  this  ether  by  causing  sodium  ethylate  to 
Teact  with  chloropicrin. 

C(N0*)C1»  +  4(?H*.0Na  =  NaNO*  +  3NaCl  +  C(OC«H0' 

Chloropiciin.         Sodinm  ethyUte.    Sodinm  nitrite.  Ethyl  orthocarbonate. 

It  is  an  ethereal  liquid,  boiling  at  158-159^.  Its  conversion 
into  guanidine  by  the  action  of  ammonia  has  already  been 
indicated  (page  459). 

Ethyl  orthocarbonate  corresponds  to  an  unknown  ortho- 
carbonic  acid  which  would  be  derived  from  carbon  tetrachloride. 

CCl*  C(OH)*  C(0(?H*)* 

ETHYL  CARBONATE. 

Ettling  obtained  this  compound  by  introducing  potassium  or 
flodium  little  by  little  into  ethyl  oxalate  heated  to  130°.  The 
saetal  dissolves,  disengaging  carbon  monoxide.  A  brown  mass 
'is  obtained,  which  must  be  distilled  with  water.  The  ethyl  car- 
^Kmate  which  passes  over  is  dehydrated  with  calcium  chloride 
'ind  distilled. 

It  may  also  be  obtained  by  double  decomposition  by  heating 
•'byl  iodide  with  silver  carbonate  (P.  de  Clermont),  or  by  the 
•ction  of  ethylchlorocarbonate  (page  502)  on  sodium  ethylate. 

CO<oW  +  C«H*.ONa  =  CO<gg{J*  +  NaCl. 

£Sthyl  carbonate  is  a  colorless  liquid,  having  a  pleasant, 
her^  odor;  its  density  at  0"^  is  0.9998,  and  it  boils  at  125^. 
>  the  cold,  ammonia  converts  it  into  ethyl  carbamate^  or 
^'^ihane^  a  body  soluble  in  water  and  alcohol,  and  crystal lizable 

large  tables  fusible  at  51-52'',  and  boiling  at  ISO""  (Dumas). 

ethyl  <mrboiuU«.  Ethyl  carbamAte. 


It  yields  i 
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I  and  alcohol  « 


">CO     +     2NH'    = 


hen  heated  t 


ETHYL  ClILOROCARBONATE. 


Dumafl  oblainud  this  clher  by  paasing  chlorocarbonic  ^ 
into  alcohol.  Water  ix  iiddod  to  the  product  of  the  rewtioB, 
and  the  iueoluble  li(|iud  is  separated,  dried,  and  dintilled. 


Cl 


>co 


CH'OI 


._CK 


It  Ih  a  hijuid  having  a.  pungent,  ethereul  odor.     It  bi 
94°.     Hot  water  decoinposca  it.     Ammonia  coovertg  it  iito 
ethyl  carbamate,  or  uretlianc. 


CHS. 


:d>™ 


SNH'     =.    NH«C1    ■ 


NIP- 
OHKI 


XWJ 


ETHYL    ISOCTANATE.  ^| 

C'H»~N^CO 
I  compound  is  prepared  by  dietilling  on  an  oil-btlli  ■ 
re  of  2  parU  of  potassium  elhylsulphste  and  1  putrf 
recently-prepared  and  ncll-dried  potassium  isocjanate.  Ttt 
product  which  condenses  in  the  receiver  is  rectified  on  tmM- 
bath  ( WurU).  Ktbyl  utocyanate  Is  a  coWIees  liquid,  htragi 
very  irritaiinjr  odor.  It  boils  at  60°.  PotaBsium  hydnUM' 
composes  it  into  carbonic  acid  gas  and  etbylamine.  It  an*' 
bini?i)  nith  ammonia,  developing  heat  and  producing  ethjlun* 
(page  467). 

The  bodies  which  were  formerly  known  as  cyanic  acidud 
ethyl  oyanate,  are  only  isomerides  of  the  oxygen  compoandi 
of  oyanogcD.  They  have  been  described  as  ieocyanie  ui 
and  isocyanate  of  ethyl.  The  true  cyanic  other,  iCH',0,CS, 
or  rather  a  polymeride  of  that  body,  has  been  obtainfd  Ij 
C1d@z.  It  is  formed  by  the  action  of  cyanogen  chloride  i 
ethylate  of  sodium. 

CNO      +      Na.OCH>     =      CN.OCn'  +  N.O 

Oruecm  cbloTlds.         Sadlani  eUiJ-lcM.  XUiyl  cjvuM, 

Potaadum  hydrate  decomposes  the  true  ethyl 


8ATir&ATBD   OTDR0CARB0N8.  503 

ill  Other  oomponnd  ethera,  into  aioohol  and  the  oorrespondiDg 
MtaaBiam  salt  (oyaDate),  or  into  the  decompodtioD  produots  of 
body, — carbon  dioxide  and  ammonia. 


CYANURIC  ETHBRS. 

When  potassium  isocyanate  is  distilled  with  ethyl  sulphate, 
boBides  the  ethyl  isocyanate  which  has  just  been  described,  there 
ie  formed  also  the  isocyanurate. 

(70»N»  ((?H*)»  =  (CO)»^N.C?H»)» 

Ihe  latter  condenses  in  a  solid  white  mass  which  may  be 
purified  by  recrystallization  from  boiling  alcohol.  It  crystallises 
in  brilliant  prisms,  fusible  at  17 b"" ;  it  boils  at  296''  (A.  Wurts). 
Boiling  potassium  hydrate  decomposes  it,  like  the  isocyanate, 
^ith  disengagement  of  carbon  dioxide,  a  reaction  which  justi- 
Bfli  the  constitution  indicated  by  the  preceding  formula. 

The  cyanurio  ether  (?N'(OC*H*)',  corresponding  to  the 
Eaormal  cyanuric  acid  (page  462),  is  not  known. 

The  mother  liquor  from  which  triethyl  isocyanurate  has 
lieposited,  contains  diethyl  isocyanurate,  (?0'N'H((?H*)', 
^hich  crystallizes  in  six-sided  prisms,  fusible  at  173^. 

Normal  methyl  cyanurate  is  formed  by  the  action  of  cyanogen 
(chloride  on  sodium  methylate. 

3CNC1  +  3CH».0Na  =  3NaCl  +  CN»(OCH»)». 

It  crystallizes  in  needles  fusible  at  132^.  It  boils  between 
160  and  170^,  and  at  this  temperature  is  converted  into  its 
imneride  methyl  isocyanurate,  fusible  at  175°,  and  boiling  at 
SB6*.  By  the  action  of  boiling  potassium  hydrate,  it  is  de- 
iposed  into  potassium  cyanurate  and  methyl  alcohol. 


SERIES  OP  SATURATED  HYDROCARBONS. 

To  methane  and  ethane,  which  have  already  been  described, 
^^  related  numerous  hydrocarbons  belon<i;ing  to  the  same 
■cries,  C"H*°^'.  They  are  called  saturated  because  no  hydro- 
■ivbons  are  known  in  which  the  number  of  hydrogen  atoms 
J^ceeds  that  indicated  by  the  preceding  formula.  Again,  the 
■hydrocarbons  in  question  can  fix  directly  no  other  atoms.  For 
^^ample,  in  order  that  chlorine  can  enter  into  one  of  their 
^lecules,  hydrogen  must  first  be  removed,  and  this  dbplaoe- 
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ment  is  koowa  to  take  place,  atom  for  atom,  aooonUng  totlu 
law  of  substitution.  Tiius,  if  thlorine  be  iiiaile  to  act  npon 
ibc  bydrwiirbon  C*U"  (bejtane),  the  cnmpounds  C^H"CI, 
t~H"Cl'.  C*H"Cr,  may  be  ol>iaincd  successively.  Let  iis  m. 
sider  the  first  of  these  compounds,  Cil"Cl.  The  CI  nwybr 
replaced  by  the  group  OH,  tud  the  chloride  is  t^oa  converted 
into  an  alcohol.  For  this  purpose  the  chloride  ia  eaoiwd  In 
react  with  a  silver  salt,  the  acetate,  for  example,  and  heijl 
acetate  in  formed  by  double  decomposition. 
CH'-CI     +     AgCHHy     =     CH".C"H'0'    +    Agt-l 

Boiling  potaasiuD. 
bexyl  hydrate. 
CH".CH''0'     + 

tl«3>]  uoUta.  rDuvmm  atitnmo-  oujl  iiju»» 

This  series  of  reactions  penuits  of  the  Buccetwive  tnmsfiirnii- 
tion  of  any  hydrocarbon  of  the  aaCurated  series  into  a  chlnriJf. 
an  acetate,  and  a  hydrate,  and  the  latter  is  the  alcohol  om*- 
BpoDdiop;  to  the  hydrocarbon.  The  followiag  is  the  MMlflf 
saturated  hydrocarbons : 

CH'      uietbKae. 

C'H" 


hydrate  will  transform  this  eilier  int" 
KOH     =^     KC'H'O'     +     CH^.OH 


H"   uenl« 


All  of  these  hydrocarbons,  afler  the  fourth  of  the  8eiH>,*P 
to  the  term  CH**,  have  been  obtained  from  petroleum  uw 
the  products  of  distillation  of  bitumen  and  pent.  Towinl> 
the  close  of  the  dblill&tion,  when  the  temperature  passes  ibore 
300°.  the  products  which  distil  condense  to  a  solid  iu*B9  <A 
cooling.  When  properly  purified,  this  solid  forms  u  coloilta. 
translucent  mass,  which  has  received  the  name  paraffin,  y 
is  probably  a  mixture  of  several  hydrocarbons  of  the  s«i* 
OH""".     Its  point  of  fusion  varies  between  45  and  65°. 

All  of  the  compounds  belon^ng  to  this  series  cannot  I* 
described  here,  but  we  may  briefly  consider  their  constiWttoa. 

The  third  member  of  the  series,  propane,  CH",  has  the  cob- 
stitntion  indicated  by  the  formula  CH'-€H'-CH'.  tttitg^ 
which  liquefies  at  — 17°. 


Its  Bnperior  homolo^e,  batane,  CH**,  has  the  constitution 
rH'-CH'-CH'-CH',  and  can  be  obtained  by  the  action  of 
line  or  sodium  on  ethyl  iodide, 

2eU'I  +  Na'  =  2NaI  -|-  CH" 

It  ie  a  colorless  gas,  condensable  at  -|-I°.  But  we  have 
here  a  remarkable  instance  of  isomcriiiai.  There  is  another 
bntaae,  isomeric  with  the  preceding,  and  having  the  consti- 
tation  exprciised  by  the  formula  CH^-CH^p,.,,  It  ia  tri- 
methyl-methane,  CH(CH')',  while  normal  butane  is  dimethyls 
ethane,  CH'CCH'j',  or  propyl-methane,  CH'i  CH').  The  sig- 
nification of  these  words  and  formulffl  la  evident,  Trimethyl- 
metbane  is  methane,  OH',  in  which  three  atoma  of  hydrogeo 
are  replaced  by  three  methyl  groups.  The  difference  in  the 
atomic  grouping  is  attended  by  a  difference  in  properties. 
Trimet'hyl-muthane  is  a  gas  which  condenses  only  at  — 17°- 

The  succeeding  lerais  of  the  series  present  isomerisms  of 
the  same  Lind,  but  much  more  numerous  as  their  molecular 
complication  is  greater.  They  need  not  be  described  here,  since 
the  same  general  principles  apply  to  all. 

PETROLEUM. 

Petrolenm,  or  rock  oil,  was  known  to  the  anoienta,  oil-springs 
existing  in  Persia,  India,  Italy  and  Ras."ia.  It  was  used  by 
the  American  Indians,  but  until  18'ld  mineral  oil  was  obuined 
only  in  swuU  quantiiies,  osually  by  the  distillation  of  ai^l- 
laceoua  rocks  saturated  with  hydrocarbons,  such  as  bojibead 
ooal.  lo  1859  the  presence  of  numerous  and  prnjific  oil- 
bearing  soils  in  Northwestern  Peimsylvania  led  to  the  method 
DOW  employed  of  sinking  deep  wells,  Irooi  which  the  oil  either 
fluws  DBturally,  by  reason  of  ioterior  pressure,  or  is  pumped  by 
machinery.  A  single  well  has  furnished  two  thousand  barrels 
of  oil  a  day. 

Crude  petroleum  is  usually  dark  brown  in  color,  often 
having  a  greenish  reflection.  It  is  sometimes  mobile,  some- 
times viscous  like  molasses.  Its  density  vanes  from  0  75  to 
0.92.  By  fractional  distillation  it  can  be  separated  into  a  large 
DQntber  of  hydrocarbons,  most  of  which  are  homoloirueB  of 
marsh  gas.  Schorlemmer,  and  Peluuze  and  Cuhours,  have  thus 
nicceeded  in  isolatini:  from  petroleum  the  whole  saturated  series 
fnwn  CH"  to  C"H".  In  addition  lo  these  saturated  hydro- 
w  *3 
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carbons,  snial)  quantities  of  uasaiuraled  h^rdrooHrttona  of  ihe 
series  C°U*"  are  present  >a  petroleum  of  eonie  loculiliet,  tod 
Bomeiimea  small  proporliooa  of  bensol,  CU*. 

For  commeroiul  purposea  the  crude  oil  is  slowly  heated  lot 
temperature  of  about  7U°,  the  product  being  petroleum  aiti 
or  naphtha-,  the  [emperature  is  then  raised  to  abont  150°,  tbe 
distillate  coustituiiiig  benzine.  That  portion  which  dislili 
between  150  and  280°  is  kerosene,  or  iltuniiDatiDE-  oil,  vliile 
from  the  lutter  temperature  up  to  400°  heavj  oils  of  a  denaitv 
from  0,83  to  0.9,  aud  valuable  as  lubricstiog  oils,  are  oblaLned. 
A  oonsiderable  quantity  of  paraffiue  distils  towards  the  end  of 
the  operation,  and  a  residue  of  coke  remains  in  the  retort. 

The  density  of  naphtha  is  about  0.65,  and  the  liquid  a 
uaaally  aeparated  by  another  distillatioD  into  rhigoline — deo^lj 
about  0.60,  boiling  point  21°,  and  used  for  the  produotion  of 
cold  by  iU)  rapid  evaporation, — and  gasoline,  boiling  at  about 
16°,  density  0.63,  used  in  the  mauufacture  of  illuminatiog  gu 
by  ceriaia  processes.  Benzine  boils  at  about  148°,  hu  i 
density  of  0  702 — 0.74,  and  is  used  as  a  substitute  for  Hirpeo- 
tine  to  dissolve  oils  and  resins,  and  to  mix  with  paints.  Tb« 
name  is  unfortunate,  being  sometimes  confused  with  beniol  i^ 
beniene  (see  p.  663). 

Kerosene,  or  illuminalJDg  oil,  should  contain  no  prodon 
whose  boiling  point  is  below  150°.  The  companili»e  safetyof 
the  oil  is  usually  determined  by  slowly  heating  it,  and  obiemeg 
by  means  of  a  thermometer  the  temperature  at  whid  i' 
emits  inflammable  vapors,  and  that  at  which  the  oil  llselr 
ignites.  A  lighted  match  is  passed  over  the  surface  of  l^ 
warm  oil  until  the  flashing  point  and  igniting  point  arc  attiiaM- 
The  former  should  not  be  below  60°,  and  the  latter  not  iont 
than  65.5°. 

SERIES  OF  ALCOIIOI^. 

Ethyl  alcohol,  of  whit-h  the  more  important  cotopoiud* 
have  been  briefly  deaeribed,  is  uot  the  (nJy  product  of  tbe  f«- 


montation  of  saccharini 


iiida.    Other  alcohols  are  formed  in 


small  quantity  in  this  reaetiou,  whieh  is  conducted  on  an  eiWn- 
sive  scale  in  the  artji.  Among  those  alcohols  of  for — """" 
are  the  following ; 

Propyl  nkohol,  or  propyl  hydratn,  CH^-OH 
Butj'l  kicuhol.  or  biilyl  liydnle,  l>H*.OH 
Ainyl  kIhiIidI,  or  iiinyi  hyitmlt,  (>Hn.OH 
Huyl  aleulit,!.  ur  h<-iiy\  hyJrate,  C^H>>.OH 
Ueptyl  kliwbul,  or  bo^tyl  hydnU,  C'H'^.OH 


To  euih  of  theM  alcohols  oorr««poDil  aomsrouB  clhereal  o 
pono'lR  in  which  thp  proupn  prctpyl,  C'H',  biit.yl,  CIl*.  ■mylj 
C*H",  etc,  are  siilisiiiuled  for  tlit  hydrogen  of  the  hytbncit' 
ftnd  osacida.      To  each  of  thiiw  nlciihoL-t   mtrrespond  nlao  a 
aldehyde  and  an  acid,  just  aa  ordinary  aldehyde  and  neetic  acid  | 
o  ordinary  alcohol  or  ethyl  hydrate. 


to.OH 

AMIS  add. 

CH'-CH> 

to.OH 

Pmiitoiila  Kdd. 

C0.OH 
Buvric  «ld. 


MjmspoDiJ 

^^1        hayoH  6  BO 

^^B  Alnbol.  AM«l>r<l». 

^^P  OH*-CH>  Cni-CH> 

PnnI  klookol.  Pronl  aUtlijrc]* 

C«'  C'lP 

fcH'OH  CHO 

Boljl  ■iHhvl.  Bntjtfe  ilitiifit. 

AU  of  the^  aloohula  uooUiin  a  group  CH'.OH  united  Ui  al 
^roup  or  rallied,  CW"'.  When  they  are  convened  by  o 
datioii  into  ddebydeit  and  ueidK,  the  group  CH'.OH  is  trana-  ! 
formed  inlj)  a  groan  CHO.  ehoracteriatii.'  of  the  aldehydes,  or 
a  group  CO. OH,  ciiuructvrislic  of  tlie  acids.  The^e  aleohols 
an  eaid  to  lie  primarj/.  Bej^nuin^  ivith  butyl  alcohol,  the 
primary  alouhols  may  have  Beveml  iBoiueric  modifications,  as 
vill  be  mneii  ahortly.  Indopcndeotly  of  the  primary  olcoholt, 
there  aro  otlieis,  isomeric  with  the  preceding,  but  diatlnguishod 
{Tom  theiD  by  the  fact  thai  they  do  not  yield  corresponding 
aldehydes  and  acids  irhpn  oxiducd.  Theeo  im-nhrihuU  are 
divided  into  tteoiular^.  which  contain  the  ^roup  CH.UH,  and 
UTliarj/,  which  contain  tho  group  C.OH  (Kulbe),  Without 
entering  into  the  details  of  this  subject,  we  may  cite  two 
examploe: 

1 .  By  the  action  of  niweent  liyUrngi'ii  upun  acutoue,  Friedol 
ubtaineu  ieopropyl  alcohol. 


ho 


cm 


^   in. 


I,  a<H!touo  tH  again 


dary  al<whot 
'eprodaced. 
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2.  Boutlerow  difloovered  an  laomeride  of  habfl  aksobol,  uA 
named  it  tertiary  butyl  alcohol;  its  oonstitation  is  ezprened  hj 
the  formula 

CH> 

chm;.oh 

This  alcohol  contains,  as  is  seen,  the  group  G.OH.  It  yields 
neither  aldehyde  nor  acid  hy  oxidation. 

In  the  primary  alcohols,  the  OH  is  united  to  a  C  which  is 
comhined  with  only  one  other  carbon  atom ;  in  the  secoDclaiy 
alcohols,  to  a  G  united  to  two  other  carbon  atoms ;  while  id  the 
tertiary  alcohols,  the  G  to  which  the  hydroxyl  is  attached  is 
joined  to  three  other  atoms  of  earbon. 

PBOPYL   ALGOHOIA 
C»H«0 

Horaal  Propyl  Alcohol— CH«-CH«-CH«.OH.— This  m 

discovered  by  Chancel  in  the  oily  liquid  remsdning  after  the 
distillation  of  brandy.  It  is  a  spirituous  liquid,  boiling  at  98^ 
Its  iodide,  C*HU,  boils  at  104.5^  (I.  Pierre  and  Puchot). 

Isopropyl  Alcohol  of  Friedel  is  formed  under  the  cireoD- 
stanecs  just  indicated.  Its  constitution  is  expressed  by  the 
ibnnula 

CH'-CH.OH-CH" 

It  boils  at  86°.  When  propylene  gas  is  heated  with  hydri- 
odio  acid,  isopropyl  iodide,  CH^I,  b  obtained,  boiling  at  92°* 

C»H«     +     HI     =     (?WI 

Propylone.  Isopropyl  iodide. 

Silva  has  described  numerous  derivatives  of  isopropyl  ^ 
hoi. 

BUTYL    ALCOHOLS. 
OH"K) 

There  are  four  butyl  alcohols.  That  which  has  been  longed 
known  is  the 

Butyl  Alcohol  of  Fermentation,  or  isopropylearbinol. 

In  1852,  Wurtz  obtained  it  from  the  fusel-oil  from  the  rec- 
tification of  beet-root  alcohol.  It  is  a  colorless  liquid,  having 
a  penetrating  odor  analogous  to  that  of  amyl  alcohol,  but  moic 
spirituous.     It  dissolves  in  10.5  times  its  volume  of  water,    b 


SSRtBB  or   ALCOHOLB. 


boils  at  109°,  and  yields  i 
tra^rio  acid  nud  callsd  inolialvi 
It  may  be  regarded  an  nrdir 
of  hydrogen  are  replaced  by  t\ 
CIP 


oiidatioD  SD  scid 
\c.     Its  density  at  18 

iry  alcohol  in  wliicli 
n  tn ethyl  groupe. 


cii'.on 


^if.OlT 

Sormal  Butyl  Alcohol  is  isomeric  with  the  alcohol  of  fer- 
Rit'iitaiiitri,  B[jd  by  oiiduiion  yields  butyric  aldehyde  and  butyric 
acid.     Lieb«n  tibuincd  tins  alcohol  by  the  BctioD  of  eodiu 
Mnalgum  io  pregcuce  or  water  on  butyral  (butyric  aldehyde), 
C'U'  _      CU' 

CHO     ^  ~      CH'.OII 

Bittjrml.  KonBAl  Inilyl  ilcobot 

Nonnal  butyl  alcohol  is  a  liquid  hiving  a  pleasant  odor, 
boils  at  11 7°.     Its  density  at  0°  is  0.824. 

Fill  has  obtained  this  alcohol,  as  well  as  ethyl  alcohol  ai 
nornial  propyl  alcohol,  by  the  d  ceo  in  posit  ion  of  glycerin  under 
the  influi^nce  of  a.  peculiar  organized  fermeot. 

fieoondary  Bnty)  Alcohol  waa  obtained  by  De  Luyoes  by 
the  redBKiion  of  eryihrile  (page  61T).  This  alcohol  is  second- 
ary, having  the  oonstituiion  CH"-CH'-CH(OH)-CH=.  It 
boils  at  98-100".  Density  at  0*=,  0  85.  The  wrresponding 
iodide.  CH'-CH'-CHI-CH".  boils  at  118'.  It  is  formed  by 
the  f'lUowing  reaction: 
CH^O'     +     Till     =        C*H»I       +     4H'0     +     3I» 


Errlh.ll 


Tertury  Butyl  Alcohol,  di:Jco%'ered  by  Bontlerow,  has  n- 
ceived  the  nunie  nimethylciirbinol,  on  account uf  its  constitution, 
which  has  already  been  indicated.  It  is  a  compound  crystal, 
lixing  in  right-rhombio  prtams,  melting  at  i'i°.  It  boils  at 
83-S4°,  and  ia  soluble  in  all  proportions  of  water. 

In  conclusion,  four  alcohols  are  known  having  the  coniposi- 
tiiin  C'lI'^O,  aud  presenting  a  remarkable  instance  of  isomer- 
*"'    '  e  again  indicated  in  Lite  followiog 


1  cm                 CB" 

CH» 

CL> 

[All*              OH»-i!;u 

ifl. 

CH--C.OH 

hw                         ifl'.OH 

Ah.oh 

iH. 

hw.QU 

6h' 

(£m->.)                   (WotB-j 

^'".l-ao","" 
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AMYL   ALCOHOLS. 

C'Hi'U 

Theory  predicts  ihe  existence  of  eight  isomeria  sinyl  ilcaUi: 

1.  Four  primarj  alcohols  which  may  be  r^arded  u  formri 
by  the  subatitutioo  of  various  alooholio  groupa  for  one  tUm  of 
hydrogen  of  the  methyl  group  in  methyl  doohol. 

H  (CII')'  CH  <^^',  Ca».C>H'         CH'-PP 

CH'.OH      CH'.OU       CH'.OH  CH'.OH  0H» 

HMhyl  «laHjul.  Unknuwii.       Acll.t.iBil  Sonn.1  .mjl    Ain»l»li»lBlii(fcr 

Bnljl  nru'tiol.    buMijileuUHl. 

2.  Three  secondary  aloohoU,  in  which  two  atoms  of  hydrogco 
of  the  methyl  group  in  methyl  alcohol  are  replaced  hy  alcoholic 
groups. 

H  CH»  CH'  CHI 

H-CU.OH     c>h'-6h,oh        cH'-dn.oa      ch>-ch  oh 

Hdhrl  alcDliid.    Dtalhylearhtuol.      Prflprlincthirlciu'biiKl.  iKpropj-lmMVI' 

3.  One  tertiary  alcohol,  in  which  oue  ethyl  group  aitii 
raelbjl  groupa  replace  the  three  hydrogen  atoms  of  the ' 
in  methyl  alcohol. 

H-tS-OH  CH'-<3.0H 

H  iu* 

Hcihy]  ulnho].  Dlmelh^lXIijIisrMBgl. 

The  three  primnry  alcohols  and  the  tertiary  are  ibt 
impnrtiiut, 

Homal  Amyl  Alcohol,  CH'-CH'-CH'-OB'-CH'.OH- 
Liebeo  obiuiaed  this  compound  by  the  action  of  hMnI 
hydrogen  oo  valerai,  the  Gorresponding  aldehyde.  It  i>  ' 
liquid,  almost  insolnblo  in  water,  boiling  at  137°.  Its  dsoffit! 
at  0°  is  0.829.  Oxiditing  agents  convert  it  into  oorai 
valeric  acid. 

The  corresponding  chloride,  ffH"CI.  boils  at  106-107°.  I' 
may  he  prepared  by  the  action  of  hydrochloric  acid  upon  tin 
normal  alcohol,  and  has  also  been  obtained  by  the  aatbo  of 
chlorine  on  normal  penUue,  CH'-(CH')'-CH',  as  described  on 
page  604. 

Amyl  Alcohol  of  Fermentation. — This  consisU  ia  greil 
part  of  inactive  iaobutjl  carbinol,  ^g'>CH-CH*-CH'.OH, 
but  contains  8l»n  b  variable  quantity  of  active  amyl  alcohol. 


.itdttcp     { 
he  Off 


AUTt  ALCOUOLS. 

t  obtained  by  tVaclional  distjllation  of  the  fnael  oQ  | 
>o(  kDil  polBioBs,  as  well  aa  of  tliat  fnioi  tbi-  mart 
nly  the  reaiduea 
sources.      The 

inaciive  amyl  alcohol  or  isobaiylwirbinol  way  be  separated  by 
the  following  proceaa,  iudiiruled  by  Pasteur. 

By  trealueut  with  sulphuric  acid  ihe  crude  ainyl  alcohol  is 
ooaTert«d  luto  aniyUuiphuriu  acid.  The  liquid  \a  diluted  with 
wator,  Deutralized  with  bariam  carbotiate,  and  GlUred.  Two 
bariam  amylaulphat^s  arc  thus  obuiacd,  of  which  the  one  ia 
leaH  soluble  ihao  the  other,  aud  ciystalliEea  first  when  the  aolu- 
t40D  ie  eviipurated,  while  llie  other  remains  in  the  mother 
liquid.  The  foriiier  ia  derived  from  the  inactive  alcohol,  the 
Utter  from  the  aotlve  alcohol ;  these  alooholt  are  obtained  by 
deoompoaing  the  correspnuding  barium  aalta  with  Bulphurio  acid, 
filMring,  and  dislilliag  with  water  the  free  aniytHulpliurio  acids. 


goxoe'^"  +  H-o  = 


SO"(OH)"  +  eH".OH 


^^^■a^lnilpbDrln  <ield<.  flBlpliiirfs  uid.  Amjl 

^^Hsbutylcurbino!  has  beea  obtained  by  synthceia,  and  thtt 
^Hotas  clearly  proves  ita  constitution  (Balbiano).  The  con- 
stitution of  butyl  alcohol  of  rermentatioa  hait  been  established 
with  certainty  by  Erlenmeyer.  This  aloohol  may  he  converted 
sdccemiTi'ly  into  iodide  and  cyanide,  and  this,  by  decomposition 
with  potassium  hydrate,  into  inactive  valeric  acid.  The  barium 
salt  of  the  latter  acid  wlien  distilled  with  oaiciam  formate 
yields  valeral  or  the  corrMponding  aldehyde  (Piria),  and  this 
ii  ooDverted  into  inaetjve  amyl  alcohol  by  the  action  of  naacent 
hydrogen. 

Ch1>CH-<JH"-CH0  +  H"  =  ^g!>CH-CH'-CHVOH 

V.l.ilo  ii1i]pbril&  I«.l«llj'lHirWnul 

Properlia. — Pure  iaobutylcarbinol  ib  a  colorless,  Bomowhat 
oily  liquid,  soluble  in  fifty  partu  of  water  al  13".     Its  density 

atO"  IS  11.823,  and  it  boils  at  131.4".     Wlie         

yieldi  inactive  valeric  aldehyde  and  acid. 

C*H"0  +  0  -=  H'O  +  CH'^O 

CH"0  -!■  0'  =  H'O  +  C"H'°0* 

The  crude  aloohol  of  fennenlution  is  an  oily  liquid,  of  a  dis- 
agreeable odor.     It  boila  at  129-132".     It  tuma  the  piano  of 


osidiiod  it 


4 

4 
4 
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polariicd  light  to  the  lert,  bui  its  rotatoiy  power  is  itMl, 
for  it  cunlains  variable  proportions  of  active  amjl  slcoboL 

When  distilled  wiih  line  chloride,  it  fields  ordioary  imjIcM, 
which  b  a  mixture  of  MTeral  isomeric  atujleaes,  thmcibjt 
ethj'lene  beiog  thu  oiost  BbundaoL 

eH"0     =^     C*H"     +     HK) 

Many  amyl  dcriviitives  have  becD  eladied.  Tbej  rcfemble 
the  ethj'l  couipouoda,  but  coottUD,  of  ooarM,  the  group  CU" 
iostead  of  CH'. 

Amyl  ox-vlt,  qjju^O,  is  formed,  together  with  inijleM, 
bj  the  autioD  of  eulphuric  Hcid  on  erode  amjl  alcnhol  (Williaiii- 
bod).     It  id  a  colorleaa  liquid,  of  an  arooiaiic  odor,  boiling  il 

Atnyl  chloride,  OH"CI,  is  a  ootorleas  liquid,  boilbg  U 
101.4°. 

Am^l  ImimiJe.  C*H"Br,  boiU  at  120.4". 

Atiij/l  iadiJe.  C'H"I,  is  prepared  by  a  process  similir  » 
that  which  yields  ethyl  iodide.  It  la  n  eolorleas  liquid,  hiriag 
at  0°  a  deusiiy  of  1.4676,  and  boiling  at  148°.  It  Wmt 
browD  on  exposure  to  ihe  lijiht 

Amyt  nilrite,  C*H"NO',  is  prepared  by  passing  nilwi" 
vapoTB,  made  by  ihc  action  of  nitric  acid  on  starch,  iDlouoj' 
alcohol,  and  distilling  the  carefully  washed  product.  It  i«  • 
pale  yellow  liquid,  boiliLg  at  96°,  and  having  a  peouliu  odw 
somewhat  like  that  of  apples.  It«  vupor  when  iuhaleJ  ^ 
duces  dilatation  of  the  capillary  sy&tem,  and  violent  but  ino- 
aiiory  headache.  Its  inhalation  has  been  recommended  u* 
remedy  for  sea-sickncBS,  in  certain  heart-affections,  and  »<  » 
antidote  in  cases  of  poisoning  by  chloroform  vapor. 

Active  Amyl  Alcobol  ia  contained  to  the  extent  of  iboD' 
thirteen  per  cent,  in  crude  aniyl  alcohol.  One  method  <i 
separation  has  already  been  indicated,  but  Le  Bel  has  propoficd 
a  better  method  when  it  b  desired  to  prepare  only  the  wsw 
alcohol.  If  hydrochloric  acid  gas  be  pssed  through  the  croJe 
alcohol,  the  inactive  alcohol  ia  firat  attacLcd  and  converted  ioW 
chhinde;  the  active  alcohol  then  remains  after  the  sepanlioii 
of  the  inactive  chloride. 

It  boils  at  127°.  It  rotates  the  plane  of  polariied  li^tl » 
the  lift  [«]D  =  -AA".  Ita  chloride  boils  at  97-98'  ;  it*  iodi* 
at  1-14-145°.     Oxidation  converts  it  into  active  valeric  add. 
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rliary  Amyl  Alcohol,  or  Hydrate  of  Amylene.  This 
'  U  [>reparcil  by  treuiiu^  witti  Ijydrioijic  aciJ  irjmethyl- 
!,  described  on  page  SUO,  which  forms  the  greiiter  put 
9  amyieoe. 


p,>C-CH-CB' 


HI   : 


CH 


,>CI-CH'-CH' 


lOlhjUlh/lmB.  TrlmilhjlrOijI  lAllil*. 

I  iudidt!  BO  formed,  when  acted  uu  bv  wat«T  and  silver 
f,  yieldH  tlie  corresponding  hydrate,  nhiuh  is  leniary  amyl 
'  or  diinelhylethyloirbinol. 
n  inubile.  eolorlei<s  liquid,  haTiDg  an  mior  somewhat  like 
camphor.  At  — 12°  it  foriUH  a  crysUlline  mass;  it  boits  at 
102.5",  aod  at  200*^  ia  decomposed  itiio  amylene  and  water. 
By  reason  of  ihe  Un«r  ronction,  Wuru,  who  discovered  the 
alcohol,  named  it  hydrate  of  amylene. 

Ita  chloride  boils  at  86°,  iu  bromide  at  108-109°,  and  ila 

e  at  laT-ias". 

D  converts  it  into  acetic  acid  and  aoetooe. 


HIOHEH   ALCOHOLS. 


rapidly  increasing  members  or  this  series  < 
hin^  well  known,  we  can  consider  but  a  lew. 
^1  and  Heptyl  AlcoholB, — Paget  announced  that  the 
reddues  from  the  di*;!  illatiuti  uf  I'usel-oiT  from  fermenled  grape- 
juice  containfjil  a  Bmiill  tjuuntity  of  hfryl  (^C*H"0)  and  fieptyf 
lCH'*0)  iili'iiliols,  but  such  aleohols  have  not  been  rcfound 
In  that  firiHitiLt. 

H^ormal  hezyl  alcohol  has  been  obtained  from  the  volatile 
oil  of  ihf  seeds  of  Hemc/eiim  giganieitm,  an  oil  which  eontaina 
batvralc  of  hcxyl,  t-U-'-CH't)'.  The  normal  alcohol  hoik 
:.t  I.i7-15»°. 

Normal  heptyl  alcohol,  C"H'"0,  has  been  prepared  by  tho 
iu-iiim  of  nasLcni  hydrogen  on  uenantliio  aldehyde  C'H"0, 
It  hiiilaal  IT.'i-li"''.  and  has  an  aromatic  odor. 

Ootyl  Alcohols,  C"H"0. — Normal  octyl  alcohol  may  he  e 
trart^d  froni  ihe  weds  of  Jltraclnim  tpondt/Uum  and  Ucr 
ijmitfim.  in  which  octyl  ai-etal.,  CH".C'irO',  exisi 
vt  is  separated  and  decomposed  by  boilinjj;  putassiu 
Il8  boilin)t-puint  is  betwe«n  190  and  \Sii°. 
i  di«00rered  M>condary  octyl  alcohol.     By  Iwilinjc  onsfl 


4 
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of  die  addi  nrodnoed  lij  Uw  MponWaitibn  of  ontor^M- 
nolic  acid,  with  potaaunm  bjdxi^  Bouii  decomposed  it  iato 
sebacic  acid  and  a  new  aeoondaiy  aloohoL  This  ia  oc^l  ib- 
hol,  CH'H),  a  ooloricflB  Hqiud  baying  a  jdeaaanty  aromalicodor, 
and  boiling  at  178^.  Tne  following  equation  ezphios  iti 
formation : 

CUH>*0»  +  2K0H  =  KHJ^H'Hy  +  C'H'H)  +  ff 

BIcliMlic  add.  FbCairini  Mtate.      Odjl  hydmltL 

Cetjl  Alecdud. — ^The  concrete  |Knrtion  of  an  oil  wiiich  iOi 
the  cranial  sinnsea  of  the  spenn-whale  is  called  tpermaati 
When  properly  purified  it  occoia  in  beantifnl  peulj  pkteB, 
fusible  at  49^.  It  is  a  compound  ether  of  which  the  mtan 
was  recognised  by  Chevreul  in  1823.  By  submitting  it  to  the 
action  of  potassium  hydrate,  that  chemist  decomposed  it  iato 
palmitic  acid  and  a  new  alcohol  which  he  called  eihaly  to  denote 
its  relations  with  alcohol  and  edier.  It  is  now  called  celj^ 
alcohol^  or  cef^l  hydrate, 

^Ci'6h2>0      +    KOH    «    Ci«H».OH    +     KC»H»Oi 

Cety]  palmitate.  Cetjl  hydrate.     Pota«iniD  palallilii 

It  belongM  to  the  same  homologous  series  as  the  preceding 
alcohols. 

Alcohols  from  Wax. — The  most  complex  alcohols  of  the 
series  under  consideration  were  obtained  from  wax  by  Brodie> 
Ordinary  beeswax  is  a  mixture  of  a  fatty  acid,  C"WHy,  ciW 
cerofic  acid  (ceriii),  and  a  compound  ether,  the  palmitate  of 
inyncyl  (uiyrioiu ).  The  two  bodies  are  separated  by  alcoM, 
which  readily  dissolves  the  first,  but  in  which  the  second  L)  but 
slightly  soluble.  By  lx)iling  the  palmitate  of  myricyl  with 
potassium  hydrate,  it  breaks  up  into  palmitic  acid  and  A^f^^f^^^ 
of  7n^ricf/I,  or  myrivyl  alcohol^  C*H**0. 

Chinese  wax  is  a  compound  ether ;  it  is  oerotate  of  oeiyl,  and 
may  be  decomposed  by  caustic  potassu  into  oerotic  add  tfd 
ceryl  hydrate,  or  cnyl  idcolhol^  C"H**0.  The  hydrates  of  ce?^ 
and  ceryl  are  solid  bodies. 

ALLYL  ALCOHOL. 

C»H».OH  =  CH»^CH-CH«.OH 
All  of  the  alcohols  thus  far  considered  belong  to  the  seritf 
C"H*"+'0.     There  are  other  monatomic  alcohols  which  bdoag 
to  difierent  series,  that  is,  in  which  there  are  different  reUtioitf 


ALL1X  ALOOMOL. 


between  the  namber  of  hydrogen  i 
carbon  atoms.     Amon^  th>ae  oth«i 


loms  und  the  nauiber  of 

alcohols,  the  most  impor- 


it  is  afful  nlcf/hnf,  ur  hgitralr  <if  ttUi/l,m  Daiaed  lMH:.iuac  it  b 

rloaely  rokl^d  to  the  oxsontial  oil  «f  ^rlic,  which  'a  atlyl  Kill*  i 

phide.     ADother  nalural  oil,  that  of  muHtanl,  is  sulphocyiuiatt  1 

uf  iJlyl.  ■ 

CH'.OU  (CH'i'S  CH'.CNS 

Alljl  bjilnu.  Alljl  tulpliLJa.  AI1/1  ■iiI).Uw')4>iiaU. 

ETnfmann  nnd  Ciihoars  {jrcptirod  tdlyl  liydrate  aiid  a  ^reat 
iiumlHir  nf  ita  di>rivativc»  artificinlly  by  the  nid  of  allyl  iodide. 
t7U'I,  whii'h  i^  f  iruii?d  wh«n  gly<*rin  la  act^  upon  by  iodide 
Df  pEiosphonis,  I"l'  (Borthclot  and  dc  Liiua).  Thin  iodide, 
wiloar  r«luiion8  to  ally]  alcohol  nrc  the  naiue  as  those  of  ethyl 
iodido  to  ordinary  itlcohol,  is  a  e«lurli'H«  li<:|uid,  having  a  slightlj^ 
panscnt,  },'arli[;ky  odor,  and  boilJN};  ut  |l)|°. 

When  hented  wiih  luertury  Mud  i'uui-i'iilTal«d  hydrochloriff^ 
ncid,  it  yields  pure  prnpyUue  pw  I  BiTlheltJt). 
2CH'I  +  l'H«  +  4Hg  =  2(?H'  +  Hg"!'  +  Hg'CI' 

*l1jl  hHllrb.  PropylMc 

Tnltcns  nnii  Henninjitr  dtacnvcred  n  very  simule  proee§s  for 
the  preparation  of  nllyl  tiloohid,  It  consisls  in  heating  formio 
acid,  or  oxalic  acid,  from  which  the  former  aeid  is  produced, 
with  glycorin  («  220°.  The  ollyl  alcohol  which  dislile  in 
washed  with  a  concentrated  solution  of  potasaium  carbonat«i 
■ad  rectified  over  lime.  In  this  reaction,  a  munufurinine  of  ■ 
idyoerin  is  firsl.  produced,  and  tltis  decomposeti  ut  220°  intd  ] 
vubon  dioxide,  wat«r,  aitd  allyl  aloohoL 


^c•l^M  oil       =    CO'    +     11*0    +    c>Hi,oti 
Ion 
■oMiIbnnln*  o<  gljiMrln.  Ki\j\  t\m\i"\. 

It  will  Ik-  seen  tJiut  the  rcuctioD  is  rcidly  u  mdiK^tion, 
jUlyl  oIpoIioI  U  0  colorless  lujuid,  boiling  at  !I7''.  "oJ  havinp 
a  pungent,  alcoholic  odor.  It  dissolves  in  all  pniportions  of 
water.  Density  at  0",  0.858.  Allyl  aloohol  is  an  unaaturated 
compound  ;  it  ean  fix  directly  two  atoms  of  hydro<;cn,  so  fnrm- 
ing  normal  propyl  nieohol.  It  combines  directly  with  bromine, 
forming  dibromopropylalcohol.  CH'Br-CBBr-CH'OU. 
Aeroleiii,  n  vuliiiilc  liriuid  that  \s  furmed  in  the  distiUutiun 
F&Ity  bodies,  is  ihe  aldthjdc  of  allyl  ulcuhol,  Acryliu  aeid 
'  lite  cotTusponding  acid. 
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COMPOUND  AMMONIAS,  OR  AMINES 

Wurti  gave  these  names  to  the  basic  combinations  reBuIdiig 
jBrom  the  sabstitution  of  alcoholic  radicals,  sach  as  methjl, 
ethyl,  etc.,  for  the  hydrogen  of  ammonia.  This  sabsdtatioD 
may  be  more  or  less  complete ;  1,  2,  or  3  atoms  of  hydrogen 
may  be  replaced  by  as  many  alcoholic  groups.  Hence  there 
are  varioas  classes  of  amines ;  they  are  d^gnated  by  the  names 
primary,  secondary,  and  terdaiy. 


FftlMABT  Aimini 

IBOOIIDAST  AMIX0. 

nsniBT  jjom 

H    N 

hJ 

H    K 

hJ 

CIP) 
CH>    N 
H 

CH»    H 

lUthykiikin*. 

IMiDtthykuBliicw 

TrbMthykiilML 

c«Hn 

H    N 
H 
XUijlMnin*. 

HJ 
DltthjlamliM. 

C«H») 

OiH» 

TitothjbnlM 

Lastly,  bases  are  known  which  are  the  most  energetic  of 
all,  and  may  be  considered  as  derived  from  the  hypothetical 
hydrate  of  ammonium  by  the  substitution  of  alcoholic  radicals 
for  4  atoms  of  hydrogen. 


H1 
H 
U 
H 
Aininon 


N.OH 


C«H» 
C»H» 

Hydrmte  of  tetrethylammoniiiBL 


N.OH 


lum  hydrate. 

The  latter  ammoniated  bases,  as  well  as  the  secondaiy  and 
tertiary  amioes,  were  discovered  by  Hofmann. 

The  compound  ammonias,  or  amines,  are  formed  in  the  fol* 
lowiug  reactions : 

1.  By  the  decomposition  of  an  isocyanic  or  isocyannric  ether 

by  potassium  hydrate.     In  this  case  primary  amines  are  obtaioe<l 

(A.  Wurtz). 

C0-N-C>H6    +    2K0H    -.    NH«(C«H»)    -f    K«CO» 
KUiyl  isocjriiiutte.  EUiyUunioe. 

2.  By  the  action  of  alcoholic  bromides  or  iodides  on  aniBO- 
nia  (A.  W.  Hofmann). 


c»H»r       + 

Ethyl  lodid*. 
2C«H»I        +        NH»        i. 


NH»        -.        NH«(0iH6)HI 

Xthylamiue  hydrlodMtu 


8C>H»I 


NH* 


NH(C«a6;»ai        +       HI 
DiethyUmiM  hjditodMt^ 

NH(C«H»>»HI        +        JHI 
Trtethylamlne  hydriodld*. 
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3.  lo  the  deoomposition  of  oarbjlamines  by  dilute  acida  (A. 
Oautier). 

4.  By  the  reductioo  of  nitrometbaDe  aod  its  homologaea  by 
naaoent  hydrogen  (V.  Meyer,  see  p.  480). 

5.  By  the  actioD  of  Dascent  hydrogen  on  the  alcoholic  cya- 
nides, also  called  nitriles  (Mendios). 

CH'.cN      +      H*      =-      chm:h«-nh« 

Methyl  CTankle,  or  acetonitrUe.  Ethjlamiae. 

General  Properties. — The  amines  are  energetic  bases,  pre- 
senting great  analogies  with  ammonia,  having  the  same  odor, 
the  same  solubility  in  water,  and  the  same  pronounced  alkaline 
reaction.  The  more  simple  are  combustible  gases  or  volatile 
liquids.  The  basic  energy  increases  with  progressive  substitu- 
tions :  thus  triethylamine  is  a  stronger  base  than  either  ethyl- 
amine  or  ammonia,  both  of  which  it  displaces  from  their  com- 
binations. The  hydrates  of  the  quaternary  bases,  or  compound 
ammoniums,  are  almost  as  caustic  as  potassium  hydrate.  All 
of  the  compound  ammonias  form  with  platinic  chloride  crystal- 
lisable  double  salts  comparable  to  am monio- platinic  chloride. 
They  can  replace  ammonia  in  ammonia  alum. 

When  the  hydroch|prides  of  the  amines  are  subjected  to  de- 
structive distillation,  they  decompose  into  an  alcoholic  chloride 
tod  a  lower  amine,  a  reaction  which  allows  the  molecules  to  be 
simplified  by  a  sort  of  inverse  substitution. 


N(CH»)«CI 

TetramethjlMnmoniuiu  chloride. 

N(CH»)».nCl         = 
Triroethyhunlne  hydrochloride. 

NH(CH»)«.HCI 
Dimethylamine  hydrochloride. 


N(CH»)s 
Trimetliylamlne. 

NH(CH8)» 
Dlznethyiamioe. 

NH«{CH8) 
Methylamlne. 


+ 


+ 


CH'Cl 
CH'Cl 


CH»C1 


Action  of  Nitrous  Acid. — Nitrous  acid  converts  the  primary 
amines  into  alcohols,  with  formation  of  water  and  elimination 
of  nitrogen. 

NH'((?H»)  +  HO.NO  =  (?H^OH  +  H^O  +  N* 

With  the  same  acid  the  secondary  amines  undergo  a  remark- 
able reaction,  ^giving  rise  to  niVro^o-bases,  or  laVroso-amines, 
formed  by  the  substitution  of  the  group  nitrosyl^  NO,  for  the 
single  atom  of  hydrogen  in  the  ammonia  residue  NH  (imidogen). 


./ 


H 


/ 


NO 


N^CH»  -f  NO  OH  =  N^CH»  +  H'O 


Dimethykmlne. 


MitrosodimethyUmlDe. 


518  XLKMBNT8  OV  MOBSRN  OfiSMlSTBT. 

The  oitrosamioes  are  oleaginoiu  liquids,  inaoluble  in  water; 
they  can  be  distilled  without  decompositioo,  aud,  genenllj,  ire 
UDidterable  by  either  acids  or  alkalies.  On  the  addition  of 
phenol  and  sulphuric  acid  they  produce  intense  oolors.  When 
their  alcoholic  solutions  are  treated  with  sine  and  acetic  tdd, 
the  nascent  hydrogen  evolred  converts  them  into  disubedtnted 
hydrazines  (see  below). 

In  the  amines,  nitrogen  acts  as  a  triatomic  element  or  tri- 
Talent;  but  it  may  assume  two  other  atomicities.  In  sal- 
ammoniac,  it  is  pentatomic,  and  it  may  play  precisely  the  same 
part  in  the  amines. 


H 

C«H» 

C 
H 

] 

n 

H 

5^ 

(OH)' 
(C«H6)'         (C«H*)' 

^/ 

N 

H      H 

Ammonia. 

C«H6      C*H* 

Triethjlaniine. 

H 

Amm< 
chk 

\ 
H 
)niiim 
>rfde. 

(C«H»)'      (CH*)' 
Tetrethjlammoniam 
hydrate. 

Related  to  the  amines  are  various  oi^nic  combinations 
which  have  the  .same  constitution,  but  in  which  the  nitrogen 
is  replaced  by  an  analogous  element,  such  as  phosphorus, 
arsenic,  or  antimony.  A  great  numbei^  of  these  bodies  hare 
been  discovered,  of  which  the  more  important  are 

cnp)  cm^)  c«H») 

C2II5  I  !>'"  cans  I  A8'"  CH*  V  Sb 

cni^)  nusj  C2H5J 

Triethylph()8i>hlne.  Trietliylanine.  Triethylstibine. 

Hydrazines. — The  nitrogenized  bases  that  have  just  been 
considered  belong  either  to  the  type  NX'  or  to  the  type  NX*. 
A  new  class  of  compounds  has  recently  been  discovered,  be- 
longing to  the  type  N*X*. 

It  is  evident  that  the  group  NH'  (amidogen)  cannot  exist 
in  the  free  state.  If  it  could  be  isolated,  it  would  probably 
combine  with  itself,  forming  a  double  molecule 

NH« 
N«H*  ==    I 

NH* 

Fischer  has  made  known  several  substituted  derivatives  of 

this  body,  N^fl*,  which  he  names  hydrazine.     He  has  described 

ethylhydrazine,  NH^-NH(C'H*),  and  diethylhydra»ne 

N(C4I'^)^-NH« 
Dimethyl-  and  diethylhydrazine  are  formed  by  the  action  of 
nascent  hydrogen  on   the   corresponding   nitroso   compounds 
(page  517). 
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S2»>N-N0  +  H*  =  WO  +  ^CCH»)« 

The  hydrasiDes  are  closely  related  to  the  amiDes  hy  their 
chemical  and  physical  properties.  They  are  very  volatile 
liquids,  haying  an  ammonuusal  odor,  and  solable  in  water, 
alcohol,  and  ether. 

METHYLAMINE. 

CH«) 
CH»N  «r       H  tN 

hJ 

This  body  may  be  prepared  by  boiling  together  potassium 
bydrate  and  methyl  cyanate  or  cyanurate,  and  passing  the 
tapors  which  are  disengaged  into  dilute  hydrochloric  acid; 
methylamine  hydrochloride  is  thus  formed. 

CJ^^N    +    2K0H   =    K»C03    +     h[n 
Mefliyl  eyaiMte.  Methylninine. 

The  solution  is  evaporated  to  dryness,  and  the  residue  fused 
and  allowed  to  cool ;  it  is  then  mixed  with  double  its  weight 
of  powdered  quick-lime,  and  the  mixture  gently  heated.  The 
methylamine  disengaged  may  be  collected  over  mercury. 

It  is  a  colorless  gas,  which  condenses  to  a  light  liquid  at  a 
temperature  a  few  degrees  below  0°.  It  is  inflammable,  and 
bums  with  a  pale  flame.  Its  odor  is  strongly  ammoniacal  and, 
at  the  same  time,  recalls  that  of  the  sea.  It  is  the  most  solu- 
ble of  all  gases.  1  volume  of  water  at  12.5°  absorbs  1151^ 
Volumes  of  methylamine.  The  aqueous  solution  possesses  the 
odor  of  the  gas,  a  caustic  taste,  and  a  strong,  alkaline  reaction. 
Like  ammonia,  it  precipitates  the  oxides  from  solutions  of  the 
metallic  salts. 

If  a  solution  of  methylamine  be  added  to  a  solution  of  cuprie 
sulphate,  a  light-blue  precipitate  is  first  formed,  but  disappears 
if  an  excess  of  methylamine  be  added,  yielding  a  beautiful  blue 
solution. 

Methylamine  Hydrochloride,  Cn^N.IICl,  difiers  from  am- 
moniam  chloride  by  its  solubility  in  boiling  alcohol,  from  which 
it  is  deposited  on  cooling  in  large,  colorless,  delicjuescent  plates. 
With  platinic  chloride  it  forms  a  yellow  precipitate,  soluble  in 
boiling  water,  from  which  it  crystallizes  in  golden-yellow  scales. 

It  is  a  chloroplafwafe,  (CH\\.H(:i)lPt('l\ 
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DIMETHYLAMINE,  TRIMETHYLAMINE.  TETRA 
METHYLAMMONIUM    HYDRATE. 

These  compounds  were  discovered  by  Hofmann. 

Dimethylamiiui,  (CH')*NII,  is  a  combustible  gas  whicb  liijue- 
Bea  at  8°. 

TrimeJhj/tamine,  (CH'/N,  esiBts  ready  formed  in  the  Chauh 
podium  vuloaria,  in  the  flowera  of  Oratxtpa  oigiicantha,  in 
herritig-briiie,  in  cod-liver  oil,  and  in  coal-^as  l«r.  ViDcmt 
extracts  large  quatitiee  of  it  from  the  residues  of  the  dislilU- 
tion  of  fermented  beet-juice. 

At  ordinary  temperatures  it  is  a  gas ;  it  liquefies  at  9',    It  ii 

very  soluble  in  water  and  in  alcohol.    It  has  astrong,  ammoniac*! 

odor,  and  an  intt^nse,  alkaline  repletion.    It  unites  directly  villi 

methyl  iodide,  forming  the  iodide  of  tetrametbyUunmoaiDM. 

(CH')'N  +  CH'I  =  (CH'/NI 

This  iodide  possesses  all  the  appearances  of  a  salt  It  is 
soluble  in  water,  and  the  solution  treated  with  silver  oxide  yields 
silver  iodide  and  l«tramethytanmionium  hydrate. 

2(CH')'NI  +  Ag'O  -I-  H'O  ^  2AgI  +  2(CH*)'N.0H 

The  latter  body  is  very  soluble  in  water,  and  the  solution  is 
caustic.  When  Hubmitted  to  dry  distillation,  it  decompOMs  inW 
trimethylamine  and  methyl  alcohol. 

(_CH'J*N.OH  =  CH'.OH  -f  (CH'J'N 

ETHYLAMINE. 


C^'N    =        H  I N 

hJ 

Ethylsmine  is  prepared  by  a  process  annlogouH  to  thst  vUdi 
yields  methylomine  -,  cyanate  or  cyanurute  of  ethyl  is  decMi- 
poaed  with  boilinj;  potaasium  iiydratc.  and  the  vapors  are  enn- 
densed  in  Tery  dilute  hydrochloric  acid.  The  dry  ethybmiw 
hydrochloride  ia  then  treated  with  quick-lime  (A.  Wurta). 

Another  process  has  been  indicated  by  Hothiann.  It  ooiuisf 
in  caoaing  ammonia  to  react  upon  the  bromide  or  iodide  of 
ethyl. 
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Ethjlambe  is  a  light,  mobile,  oolorleas  liaaid ;  it  boils  at 
18.7^.  Its  odor  is  strong  and  exactly  resembles  that  of  am- 
monia. 

Ethylamine  is  inflammable.  It  mixes  with  water,  alcohol, 
ind  ether  in  all  proportions.  Its  aqueous  solution  is  caustic, 
ind  precipitates  most  of  the  metallic  salts  like  solution  of  am- 
monia, and,  like  the  latter,  redissolves  cupric  hydrate,  forming 
&  blue  liquid. 

Ethylamine  Hydrochloride,  C'H^N.HCl.— This  salt  crys- 
tallizes in  large,  deliquescent  plates,  soluble  in  absolute  alcohol. 
Its  aqueous  solution  yields  with  platinic  chloride  a  precipitate 
composed  of  yellow  scales,  soluble  in  boiling  water,  and  consti- 
tttting  a  chloro-platinate,  ((?H»N.HCl)'.PtOl*. 

DIETHYLAMINE,  TRIETHYLAMINE,  TETRETHYL- 

AMMONIUM  HYDRATE. 

C'Hn 
Diethylamine,  C'H^  >-  N,  was  obtained  by  Hofmann  by  heat- 

.     HJ 

ing  ethylamine  with  ethylbromide,  and  decomposing  the  die- 
thylamine hydrobromide  formed  by  an  alkali. 

H  y  N  +  CH^Br         =        Cm^  }  N.HBr 
hJ  HJ 

Ethylamine.  Diethylaniioe  hydrobromide. 

The  free  base  is  a  liquid  having  an  ammoniacal  odor  and 
>oiling  at  57.5^ 

Triethylamine  may  be  formed  by  the  action  of  ethyl  bro- 
Hide  on  diethylamine ;  triethylamine  hydrobromide  is  formed, 

C?H*  >■  N.HBr,  from  which  alkalies  cause  the  disengagement 
D»H* ) 

>f  triethylamine,  a  colorless  liquid,  boiling  at  91°  ;  its  odor 
is  ammoniacal  and  its  reaction  strongly  alkaline. 

Tetrethylammoniiun  Hydrate. — When  a  mixture  of  ethyl 
iodide  and  triethylamine  is  heated  on  a  water-bath,  the  two 
bodies  combine,  forming  the  compound  which  Hofmann  has 
Eiamed  tetrethylammonium  iodide. 

(?H*I         +         ((7HS)»N        =         ((7H*)*N.I 

Sthyl  Iodide.  Triethylamine.  Tetrethylamnioniam  Iodide. 

When  this  is  treated  with  silver  oxide  and  water,  it  yields 
silver  iodide  and  tetrethylammoniiun  hvdrate,  (C^H')*N.OH,  a 
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powerfal  base,  which  is  oiyaUtllsable  and  soluble  in  wtUr.  If 
encr^  ia  comparable  to  that  of  potassium  hjdrate. 

ETHTLPHOSPHINES. 
Primary,  secondary,  and  tertiary  ethylphosphinea  are  hum, 
us  well  as  the  conipouDds  of  tetrethylpliosphonium. 

C'H'l  CHU  CUS)  ^1. 

HfP'"  C'H'lP"'  C-mlP'-'  niHsfP- 

a'  hJ  cii'J  ^,|j,J 

Blhrlphnqihtui.    DlMfaylpha^ililiia.  TriiUiflptiaphliis.  Tcimliflphc^iluiiliiB 
(PriBiirjr.)  l!i«:..iiil«r>.J  (TnUnrj.) 

The  first  two  have  been  recently  ifiaoovered  by  Hofnianu.  Tlw 
third  is  due  to  an  admimble  reseitroh  of  Hut'iutinn  und  C-HhouR, 
who  obtained  it  by  the  BCtiun  of  phoephoma  triehluride  on  unc 
ethyl. 
2PCI'     +     3[Zn(CH'V]     =     2[P(C'H»)']      +     3ZnCP 

Klnc  ethyl.  TrlflhrlpboqAIns. 

The  operation  must  be  conducted  out  of  contact  witl  llw 
air,  and  the  sine  ethyl  inuHt  he  diluted  with  anhydning  ether 

Monethjiphoaphinc  and  diethylphospliine  are  produeed  wb«i 
ethyl  iodide  is  made  to  react  uwm  phoaphoniuni  iodide,  PH'I, 
hydriodido  of  hydrogen  phosphide  (page  1G7J,  in  preaemjent 
an  excess  of  zinc  oxide. 

aCtH'I   +  ZPll'I   +  ZnO  =  2[(C>H'lH»P.Hr]  +  Znl'  +  UV) 
2C11M  +     PliU   +  ZnO  =      (CHi)'HP.Iil     +  ZuP  +  HKI 

As  both  reactions  are  accomplished  simultsneoualy,  botb 

Ehosphines  are  obtained  at  the  same  time.  They  are  scpuiMl 
y  the  action  of  water  upon  the  two  hydriodidcA  which  u^ 
formed.  That  of  monethylphosphine  ia  deeomposed  by  mta. 
while  that  of  diethyl  phoaphine  is  only  decomposed  by  uiellb- 
lies.  It  ix  aafficient  then  to  add  wat«r  to  the  product  of  Ae 
reaction  in  order  to  set  free  the  monethylphosphine;  wlifi 
the  latl«r  has  been  completely  expelled  by  heat,  polassinm  hj 
drat«  added  to  the  residue  will  cause  the  disengaj^ment  of  ilif 
diethylphoaphine.  These  operations  should  be  oinducted  io  • 
cnrrunt  of  hydrogen. 

Konethylphosphine,  (CH»)H'P.— Thisiaac<dorleaaii<iBiJ. 
lif^liij^r  thim  waier,  in  which  it  is  insoluble,  and  Irailing  at  -5' 
It  has  u  most  ilisu^ceable  odor.  It  tjikes  fire  on  contact  «iil< 
chlorine  ur  nitric  acid.  Its  hydriodide  cryatollisEes  in  beantifiJ' 
while,  iiiiadntngiilar  tnbles. 

SiethylphoBphine,  (C'H*)=HP.— A  colorleta  liquid,  lig*n* 
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than  water,  and  boding  at  85^.  It  is  yery  avid  of  oxygen,  and 
fiometimea  takes  fire  8pontaneoa<tly  on  contact  with  the  air. 

TriethylpliOBpUne,  ((7H*)*P. — ^This  is  a  colorless  liquid, 
boiling  at  127.5°.  Density  at  15°,  0.812.  It  combines  di- 
rectly with  oxygen,  forming  triethylphosphine  oxide ^  (C^H*)'PO. 
The  latter  is  a  crystalline  solid,  very  soluble  in  water  and  in 
aloohol.     It  distils  at  240°. 

When  treated  with  ethyl  iodide,  triethylphosphine  yields 
tetrethylphosphonium  iodide,  (C*H*)*PI,  a  compound  which 
may  be  obtained  in  beautiful  crystals.  When  this  iodide  is 
acted  upon  by  moist  silver  oxide,  it  furnishes  the  corresponding 
hydrate,  which  is  an  energetic  base. 

2[(CH»)*PI]  +  AgK)  +  H*0  =  2AgI  +  2[(C^H»)*P.0H] 

TbtrethjrlphotplioaiaBi  Tetretliylphoapboaiiiin 

iodide.  hydrate. 


PRODUCTS   OF  OXIDATION  OP  ETHYLPHOS- 

PHINES. 

When  the  ethylphosphines  are  treated  with  fuming  nitric 
acid  under  suitable  conditions,  they  act  iti  a  eliaracteristic  man- 
ner.     Monethylphosphine  is  transformed  into  a  dibasic  acid, 
monethylphosphtnic;  diethylphosphinc  yields  a  monobasic  acid, 
diuhylphosphinic,      Triethylphosphine   yields    an    indifferent 
oxide,  which  has  already  been  mentioned.    Now,  if  it  be  remem- 
bered that  under  the  same  circumstances  hydrogen  phosphide 
famishes  phosphoric  acid,  it  will  be  seen  that  the  preceding 
oxidation  compounds  may  be  regarded  as  phosphoric  acid,  in 
which  1,  2,  or  3  groups  OH  are  replaced  by  as  many  ethyl 
groups. 


PJH 
(H 
Hydrogen  phofphlde. 

rc»H» 
p{h 

U 
Monethjlphosphlne. 

fC«H* 
PJCH6 
U 

P  \  C«H* 
lC«H6 
Trietbylpbotphine. 


roH 

PO-^  OH 
(OH 
Phosphoric  acid. 

rc>H6 

PC  I  OH 

(oh 

Mon ethyl  phofiphSnic  acid. 

f  C2H5 
PO  I  C2H5 
(OH 
Diethylphotphlnic  acid. 

f  C2n* 
PO  I  C2H6 
(C^H* 
Triethylphosphine  oxide. 
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The  compoiiDda  of  areen 
to  the  phosphinea ;  ihey  ha' 
these,  there  are  eihjlic  coi 
and  its  derivativee. 


c  and  etbjl  are  entirely  tulngw 
e  already  been  alluded  to.  B<ada 
ibinatioas  correspondiiig  to  ■ 


SILICON-ETHYL. 

This  oompouod  b  obtained  by  treating  ailiooQ  uhloride  vtlH 
tiDC  ethyl. 

SiCl'  +  aZnCCH'/  =  2ZnCl'  +  SitCH")' 

SilicoDtetrethyl  is  a  colorless,  mobile  liquid,  not  decompoBed 
by  irater,  combustible,  burning  with  n  brilliant  while  flame  vd 
production  of  white  Aimes  of  silicic  acid.  It  ia  indiffereni  w 
the  aclion  of  rea^ienta,  and  acta  in  all  points  like  a  hydrucarboD, 
C(CH'J*  —  CH",  in  which  one  atom  of  carbon  is  repUcd  bj 
an  atom  of  silioon.  Its  analogue,  silicon- methyl,  a  liquid  b«i- 
ing  at  30°,  corresponds  to  tetrame thy Im ethane,  OH",  a  hydro- 
oarbon  boiling  at  10", 

SiCCH')'  8i(CH'V  C(CB')' 


The  followiog  facts,  discovered  bj  Priedel,  show  the  idvIo!? 
between  these  compouoda  of  silicon  and  the  corresponding  hydro- 
carbons : 

When  silicon-ethyl  ia  submitted  to  the  action  of  chlorine,  w 
atom  of  hydrogen  is  exchan<^d  for  an  atom  of  chlorine,  inil 
the  chloride  Si(CH'CI)(CH'/  is  formed.  The  latter  b  a  liquid 
boiling  at  185°,  and  can  have  its  chlorine  atom  replaced  ^! 
other  atoms  or  groups,  like  the  alcoholic  chlorides.  "When  <Ki- 
tilled  with  potassiam  acetate,  it  yields  the  correepondingacelil*, 
(C'H')'Si-Ca'.O.C'H'O,  which  may  be  saponified  by  prtw- 
Slum  hydrate,  like  no  alcoholic  acetate,  the  oxyacetyl  gnnp, 
OCH'O,  being  replaced  by  a  hydroxyl  group.  The  alcohol » 
formed,  (C'H')'.8i-C'H'.0H,  has  been  named  by  Friedel  sB- 
cononyl  hydrate,  on  account  of  its  analogy  with  nonyl  hydnU- 
8iCH»0H  CH^-OH 

SllJrciinniJ  b;<tnl«.  Naajl  h^dnlg. 

It  is  a  oolorleas  liquid,  insoluble  in  WKter,  uid  boiling  H 
190°. 


0RaAN0-MBTAt.l.lO   COMPOL'NDB. 


ORaANO-METALUC   COMPOUNDS. 


F  ZINC-ETHYL. 

Zn"(C"H5]' 

One  of  the  more  important  uf  the  componnds  formed  by  the 
union  of  the  metals  with  aliwholie  radicals  ia  »ine-elhyl,  dis- 
oovercd  b\  Fnuiklund. 

It  is  prepured  by  heating  ethyl  iodide  with  xinc-turDiDM  ■ 
uid  a  ^niall  niiatitity  of  iodium  od  a  wat^r-bnth.  Zioo  iodiaO'  1 
and  «ine-eth;y-l  are  formed.  When  the  reneticm  is  terminaledf  T 
tbe  product  is  distilU'd  and  that  portiun  uolluuled  whirfa  prteBM  J 
above  115°.  ^ 

Ziuc-ethyl  is  a  (.■ulorlees,  mobile,  and  highly-ruFritetire  liijuid^ 
[t  has  a  pci-uliar,  penetrating,  and  very  disagreeable  odor.  It 
boils  at  118°.  It  lakes  fire  Rpoutoneoualy  on  coDtnct  with  the 
air,  liuruiDL;  with  a  green  flame,  and  prudueing  white  fumes 

If  water  be  added  to  a  small  quantity  of  anc-cthyl  contained 
in  It  tube,  a  brisk  eServeecCDce  at  «nce  takes  place,  and  a  white 
deposit  i»  formed.     The  gas  is  ethane,  and  the  deposit  is  zino  | 
bydratc. 

Zn(,Cmy  -I-  2B'0  =  Zn(OH)'  +  2C'H' 

Ziric^etbyl  will  enter  into  double  dccompogitions. 

By  the,  action  of  phosphorun  trichloride  on  this  body,  Hnf- 
maun  and  Cnhoura  cibtained  triethylpUosphine  and  linc  chloride. 

There  is  a  eine-melhgl,  ZmCH'/,  wrresponding  to  zinis  . 
ethyl, 

MERCUR-METHTL  AND  MEHCUR-ETHYL. 

These  nompounds  were  obtainei!  by  Prankland  and  Duppa, 
hy  the  action  of  niHihyl  and  ethyl  iodides  on  Kodioiu  amalgam 
podium  ],  mercury  5U0),  in  presenee  of  a  small  quantity  a' 

IHic  eth«r, 

fJtBreur-ethffl  is  a  colorless,  inflammable  liquid,  infloluble  iit    i 

Mer-     Density,  2.44.     BoUin^-point,  158-160°.     It  is  one   ' 
•ft  the  most  dangerous  poisons  kdowd.     The  inhalation  of  iu 
npor  for  any  length  of  time,  even  in  suiall  quantity, 
prodtice  fatal  poisouiag. 


■Till 
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Chlorine,  bromine,  and  iodine  instantly  deconipo§e  merar- 
ethyl  with  formation  of  a  eompuund  of  merour-moneUijl 

Hglgjj;    +    r    =    C'H'I    +    Hg{™ 

lI«i«<i»Uir1.  BlhjlladldB.    lUnuHiwiiMkTlMk, 

8TANSETHYLS. 

The  discover;  of  the  numerous  wmpounds  of  tin  and  M^tI 
is  due  to  LiJvrig.  Their  history  has  L«n  oontpleted  by  Fnu- 
land,  Cahount,  and  lUclie. 

Ab  the  notnenclature  and  constitution  of  the  stanaelliyii 
have  already  been  indicated  (page  424),  we  need  only  eoneidn 
a  few  of  these  interesting  componnds. 

Staimodiflthyl,  SnfCH')'. — The  iodide  of  this  compound 
is  obtained  when  ethyl  iodide  is  heated  with  tio-filinj»  to  iboat 
180°.  This  iodide,  an(CH')'I',  purified  by  crj-Btalliwtion  in 
alcohol,  fumiehee  free  stannodiethyl  when  its  solution  ia  treited 
with  zinc,  which  removes  the  iodine, 

Stannodiethyl  is  an  oily,  yellow  liijuid,  which  does  not  vo!>- 
tiliae  without  decomposition.  When  heal«i  lo  150"  it  btfiw 
to  boil,  but  the  greater  part  of  it  is  deuompoaed  into  itanto- 
tetrethyl  and  tin. 

2[Sn(CH'}']  =  8n(CH')'  +  Sn 

The  iodide  of  stannodiethyl  etyatallizes  in  pale  yellow  ncedlo. 
In  its  solution,  the  alkaliea  precipitate  the  oside  Sn((?H')'Oi 
which  forms  an  amorphous,  white  precipitate,  insoluble  in  wil«r 
and  alcohol,  but  soluble  in  the  alkalies  and  acids  with  which  tl 
forms  Halls. 

Btannotriethyl  or  SesqiuBtaimethTl,  Sn'(Cn>)'  =  f  (Wi* 

Sn-8n(C'U'/. — This  is  tlirmci),  together  with  the  preceiHn;! 
compound,  by  the  renetion  of  ethyl  iodide  on  an  alloy  <if  tin  teA 
Hodium.  It  is  seporiUed  by  fractional  distillation ;  it  trails  betirMn 
265  and  270°.  It  plays  the  part  of  a  radical  and  oombiDa 
diroctly  with  oxygen.  The  oside  contains  8n'(CH')'0  = 
[8n(C'ir)']'0.  It  combines  with  the  elements  of  water,  film- 
ing a  hydrate,  Sn((_VH')\OH.  crj-staliizuble  in  prisms.  Th« 
crystals  are  fusible  at  44°.  The  oxide  distils  at  272°.  Il 
reacts  with  the  atids  to  form  crystallizable  saJU. 


rSnCC'H»)']'0    -f    2HN0'   =    aLSnCCH'l'.NO"]    +   ffO 

nuuuttiiiUijI  Dildi.  SlumaUtlh;!  DitnM. 


VOLATILE   FXTIY    AOIDS. 

The  iodide,  Su(C*H*i'I,  ia  a  liquid  haviug;  a  mnMard-like 
udor,  and  libullin^  wilhouL  decoiupoeitioD  towards  235-233°. 
DeUHity  111  13°,  iM'SS. 

Btannotetrethyl,  Si»(C'H')'. — Colorless  liquid,  almoBl  odor-  | 
lees,  aud  bujliug  ml  1H1°,     Ikittity,  1.187.     Ii  is  tonued  by 
tlie  tictiuD  (if  EJui-  titlij'l  oa  KUnoodietbyl  iodide. 

SmO'U')'!'    +    Zn(CH')'    =     8u{CH')'     +     KnP 

SciBuoutlilti;!  Uididij.  Zlnt.elhj'L  StaiiaoUlntlij'l. 

It  W  a  Haluntted  compound,  and  does  not  enter  inlA  ctimbi- 
■tatioti,  but  by  tlie  action  of  energetic  reagents  it  yields  com- 
pounda  of  atuunudielhyl  or  stannotri«ttiyl.     Thus,  vitb  iodine,    , 
the  followinjf  reactiun  takes  plueo : 

8n(C'U')'  +  r  =  SuCCH*)'!  +  CH'I 


ILATILE  FATTY   ACIDS  DERIVED 
FROM  THE  AI^C0H0L8. 


•  of  Formation  and  Conititntion.— Theae  acida  result 
ironi  tUe  oiidaliun  of  tbe  aJeohold  of  wbiith  the  principal  ci 
pDUude)  havn  been  described.  Tliej  arc  formed  in  a  great  nuni- 
bor  of  reitclioDB,  and  niuuy  of  theni  exist  already  formed  in 
nature,  either  in  the  free  elate  or  in  combination  in  neutral 
faUty  romptpunds,  that  is,  the  oils  and  fats. 

Their  cutupoeition  is  ezpreesed  by  the  general  formula  OH"" 
0' ;  they  conttdn  one  more  atom  of  oxygen  and  two  atonu  of 
hydrogen  lew  than  their  corresponding  alcobola. 
Their  prineipal  modee  of  formation  are  as  follows : 
1.  By  oxidation  of  an  alci^hol ;  I 

CH'O     +     0»    =     CH'O'     4-     H-O 

t    H«lh7l  ■Joohol.  r»nnlc  rwtd. 

Py  oxidation  of  nn  aldehyde: 

CB'O    +    O    ^    cn'O' 

Ald>ll}de.  ArsUr  ulJ. 

3.  By  the  deoomposition  nf  an  organic  cyanide  with  boilin 
potttssiuni  hydrate: 


+     KOH     + 


i'O 


CH' 


+    NH' 
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The  acetic  acid  u  formed  in  this  1a«t  reaction,  b;  the  union 
of  the  carbon  of  the  cyanogen  proup  with  ihe  oxygen  of  bolh 
the  polasaium  hydrate  and  the  water,  the  hydrogen  of  liese 
two  bodies  combining  with  the  nitrogen  of  the  cysno^n  i" 
form  ammonia.  It  may  then  be  admitted  that  acetic  acid  con' 
tains  a  radical  carbunyl,  CO,  united  on  the  one  hand  with  i 
methyl  group  (that  of  the  methyl  cyanide),  and  on  the  wher 
with  a  hydroiyl  group,  OH. 

The  other  acitk  of  the  series  poeseas  an  analogouB  eouritt- 

ClP  CH»  C«H>  OH" 

60.OH  CO.OII  io.OH  CO.OH «». 

AcEtlc  Kid.        FmplDDlc  uld.  Boljrtc  icld.  Valerie  uld. 

4.  A  method  of  synthesis,  discovered  by  Wanklyn,  funusb« 
a  direct  support  t«  this  theory  of  the  constitution  of  tbe  fiitiv 
acids.  That  chemist  realised  the  synthesis  of  acetic  and  pm- 
pionic  acids  by  passing  a  current  of  uarbonie  add  gas  o\fi 
sodium-methyl  and  aodium-ethyl,  organu-melalUc  compoanilB 
which  rcault  from  the  action  of  sodium  upon  zinc-methyl  ud 
linc-^thyl. 

N»CH>     +     CO.O    -^    I 

CO.ON>  "^H 

cm  ^^1 

6o.ONa  ^H 

Qeneral  Fropertiei. — 1.  The  volatile  fatty  acids  of  ttie  seri^ 
C°H'°0'  are  monobasic ;  each  cuutains  one  atom  of  hyilrop-" 
which  may  he  replaced  by  an  equivalent  quautily  of  a  metiL 

2.  When  submitted  to  dry  distillation,  many  of  their  ai^ 
yield  an  acetone  and  a  carbonate. 

CH' 

oK:o>'*"    -    ^0    +    <Mo. 

CH" 
OaldDBi  MfllMa.  Anlone.      CUcIdd  cwtoMla. 

3.  The  same  reaction  may  produce  an  aldehyde  aod  a  hTdn- 

carbon  of  the  scries  C^H""  (Chancel). 

(CH'-CO.O)'c.       =       ?^'       +       CTHi       +       0>00* 

CUcIuid  bnlrrml*.  Bulyrtl.  or  liulvrlt 

•Jdehjac. 


NnCH'    +     CO.O    = 
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4.  When  a  mixture  of  a  salt  of  a  fatty  acid  and  a  formate 
is  subjected  to  dry  distillation,  the  principal  product  of  the 
reaction  ia  an  aldehyde  (Piria). 

CH» 
CH»-CO.OK         +        H-CO.OK        =  i  +         KKX)* 

IVit— ilimi  acetate.  PotMaiam  formate.  Aldehjde. 

5.  The  fatty  acids  are  converted  into  chlorides  by  the  action 
of  phosphorus  pentachloride,  or  oxychloride  (Gkrhardt). 

C»H»O.OK       +       POP      =      C»HH).C1      +       POCP      +      KCl 
Botaaaiam  acetate.  Acetyl  chloride.       Phoaphonaa 

oxjchluride. 

6.  By  the  action  of  these  chlorides  upon  the  salts  of  the 
fatty  acids,  the  anhydrides  of  the  acids  are  formed  (Gerhardt). 

^^}0       +        CH».OCl        =        KCI        +         gg:0|0 
Fotaaaiam  acetate.         Acetjl  chloride.  Acetic  anhydride. 

7.  When  subjected  to  the  action  of  phosphoric  anhydride, 
the  ammonium  salts  of  these  acids  lose  2H'0  and  are  con- 
verted into  nitriles  or  cyanogen  ethers  (Dumas,  Malaguti  and 
lie  Blanc,  Frankland  and  Kolbe). 


CH» 

CH> 

1                                            s^ 

2H>0 

4-           1 
^         CN 

CO.O(NH*) 

Ammooium  acetate. 

Acetonitrile. 
(Methyl  cyanide.) 

FORMIC  ACID. 
CH«0» 

This  acid,  which  was  discovered  by  S.  Fischer  in  1760,  in 
Ted  ants,  is  formed  in  a  great  number  of  reactions,  particularly 
in  the  oxidation  of  methyl  alcohol,  in  the  decomposition  of 
hydrocyanic  acid  by  acids  or  alkalies,  in  the  distillation  of  oxalic 
acid,  and  in  the  oxidation  of  many  organic  matters,  such  m 
starch,  sugar,  etc.  Berthelot  achieved  its  direct  synthesis  by 
heating  carbon  monoxide  for  a  long  time  to  100^  in  sealed 
&sks  containing  a  concentrated  solution  of  potassium  hydrate. 

CO  +  KOH  =  HCO.OK 

Potanium  formate. 

PreparatioxL — Starch,  manganese  dioxide,  and  dilute  sul- 
phuric acid  may  be  boiled  together  in  a  capacious  retort,  and 
the  acid  liquid  which  condenses  in  the  receiver  saturated  with 
lead  carbonate.    Lead  formate  is  thus  obtained,  and  is  purified 
X  45 
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by  crystatliBitioii.  To  obtain  furuto  acid,  the  salt  is  bM«d  in 
a  current  of  drj  hydrogen  sulphide.  Formic  add  dislik 
tDiibereiner). 

Another  oud  better  process  consists  in  heating  to  100°  aguil 
pariis  of  oxulic  oeid  und  glycerin.  Under  thcso  mtiditi«iB. 
the  oJtalio  auid  hreaka  up  into  carhonie  atid  gas,  and  formie  Kt<l 
which  distils.  The  litjuid  is  saturated  with  lead  curbonslc-,  iwi 
the  preparation  c<mcluded  as  before  (fierthelul). 

^operties. — Formic  acid  in  a  colorless  liquid,  haviitf  i 
pun<;ent  odor  and  a  very  auid  taste,  It  iwils  at  99°,  and  solti 
ifiuM  W  a  crystalline  uiasa  at  8.5°,  It  mixe:s  with  wat«r  id  *fl 
proportions. 

If  an  excess  of  sulphuric  acid  be  add<'d  to  a  smntl  aoantitj 
of  formic  acid  cimtained  in  a  t«»t-tubc,  and  a  genlk-  bill  be 
applied,  a  regular  dimin^a^ement  of  gas  will  tukc  place ;  it  aa; 
\m  ignited  at  the  mouth  of  the  tube,  and  will  bum  with  *  bloc 

It  is  carbon  monoKido,  and  is  formed  according  to  the  bl- 
lowing  equation : 

CH'0'  =  CO  +  H'0 

If  formic  add  be  added  to  a  solution  of  silver  nitiite,  ud 
the  liquid  be  heated,  it  will  soon  become  clouded ;  silver  will 
be  precipitated  as  a  gray  powder,  and  carbon  dioxide  will  1« 
disengaged. 

The  formic  acid  becomes  osidi^ed  iu  reducing  the  aim 
nitrate,  ^^^ 

CH'O"  +  0  =  CO'  +  n'o  ^H 

Chlorine  determines  an  analogous  decompasitiou.        ^^^| 
CH'O"  +  CP  =  CC  +  2HC1  ^™ 

Formatea. — Formic  acid  is  an  enei^tio  acid,  perfertly  nen- 
traliEing  the  buses.  It  is  monobasic;  one  of  its  hydtu|!!cii 
atoms  can  be  replaced  by  an  equivalent  ijiiantity  of  metal.  IV 
formates  are  soluble;  the  mi«t  uharactcristie  are  cmjjtw/t- 
mrt/e,  Cu(CHO'j'  +  4H'0,  which  cryRlalliies  in  niagnifiHiK, 
obIi<|ne  rhombic  prisms,  nn<l  lead  formate,  PbCCHC)',  whicfc 
forms  long,  colorleBs  needles,  slightly  soluble  in  cold  wat«r. 

Amtiioniiim  /ormale,  which  is  obtained  by  saturating  formic 
acid  with  ammonia,  crystallizes  in  prisms  which  are  Tecy  solu- 
ble in  water.  When  (juickly  heated  to  about  200°,  it  nrab 
up  into  hydrocyanic  aciil  iformonitrile)  and  water  (,PcloaM)> 
(NH'jCIIO'  ^  2H'0  +  CNU 
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FORMIC  ALDEHYDE. 

CH«0  =  H-CHO 

[ofinann  has  recently  obtained  this  body  by  the  slow  com- 
ion  of  methyl  alcohol,  brought  about  by  a  spiral  of  platinum 

CH*0  +  O  =  H'O  +  CH'O 

t  is  also  formed  in  the  distillation  of  barium  and  calcium 
Dates.  It  is  not  known  in  the  pure  state.  It  has  a  pproat 
len^  to  become  polymerized,  fbnnino;  a  solid  com{)ound, 
ch  Boutlerow  has  named  trtox^iethylene,  and  which  prob- 
r  oontains  CH'O'. 


ACETIC  COMBINATIONS. 

t  may  be  admitted  that  these  compounds  contain  the  m( Cli- 
nic radical  acetyl  (C'HH))'  =  (CH»-CO)',  which  may  ])e 
uded  as  oxidized  ethyl. 

EthyL  Acetyl. 

Udehyde  is  the  hydride  of  this  radical ;  acetic  acid  is  its 

Irate,  and  acetone  its  methylide.      Besides  these,  there  are 

twn  the  oxide  and  chloride  of  acetyl,  an  acetyl  ammonia, 

ch  is  acetamide,  etc. 

rhe  following  formulsB  indicate  the  relations  between  all  of 

ae  bodies: 

C^IPO.H  C'H>O.OH 

Acetyl  hydride  (aldehydeX  Acetyl  hydrate  (acetic  acid). 

CH'O.Cl  (^1180)20 

Acetyl  chloride.  Acetyl  oxide  (acetic  anhydride). 

C^HSO) 
C«H»O.CH»  II  \  N 

Acetyl  methylide  (acetone).  Acetamide. 

ACETIC   ACID..        (L^^C^^ 
C«H*0> 

JLcetic  acid  is  ihe  acid  of  vinegar.  It  is  the  product  of  the 
dation  of  alcohol.  It  is  formed  in  a  number  of  other  reao- 
18,  among  which  we  may  mention  the  oxidation  of  aldehyde^ 


I 
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the  deoompositioD  of  mechjrt  cjranide  by  potaseium  hydntc,  th? 
action  or  carbon  dioxide  on  sodium-tncthyl,  and  The  dr;  diitil' 
ttttion  (if  a  great  Dumber  of  oi^aniu  Hubiitances,  suuh  as  nnod, 
BtaruL,  gum,  suf^ar,  uU. 

Prep&ration. — The  large  qaantitiea  of  acetic  add  emplojrf 
in  ihc  arts  are  obuined  by  the  diwlructiva  distillation  uf  wood. 

The  operation  is  conducted  in  large  iron  cylindeip,  heawJ 
directly  by  a  fire  (Kg-  123).     The  products  of  the  digaUatim 


oondst  of  liquids  and  gams  The  liqmda  are  oondewod  n  i 
large  worm,  It,  wjoled  by  a  continual  circalation  of  cold  •ntn 
through  Burrounding  pipes  a  the  gaseti  are  conduct^  IwA 
to  the  fire-grale  by  the  pipe  k  The  cutidensed  product  wiimW* 
of  an  aqueous  portion  and  of  tar.  The  greater  part  of  dw 
latter  is  separated  by  a  n\iv  distillation ;  (he  first  poniona 
which  pass  »intain  wood-spirit,  after  which  acetic  and  diatiii- 
The  acid  lii^uid  is  neutruJixed  by  lime,  and  the  calcium  uf- 
tate  formed  is  converted  into  sodium  acetate  by  adding  a  fii'^ 
tion  of  sodium  sulphate.  The  liquid,  separated  by  filtrstiixi 
fVom  the  calcium  sulphate,  yields  on  evaporation  sodium  Kf- 
tate,  still  colored  brown  by  tarry  matters.  The  laiwt  >k 
destroyed  by  frying  the  salt,  that  is,  by  heating  it  for  twiw 
time  to  250°,  a  temperature  which  carbonizes  the  tar  lint  Arm 
not  affect  the  sodium  acetate.  The  moes  is  then  exhauetwi 
with  water,  the  solution  filtered,  concentrated,  and  crystoUiwi. 
Crystals  of  pure  sodium  acetate  are  thus  obtained,  a  »i]t  which 
was  formerly  called  pgroligniu  of  mda.     Aoedc  acid  in  pifr 


pared  by  diying  this  salt  nnd  distilling  it  with  §-  it«  weight  nf 
xinceatratt^  Bulpliuric  acid. 

Or  the  dry  Bait  uiiy  be  decomposed  by  an  csact  ijuantity  of 
flilpburie  acid.  The  acetic  acid  whicii  fieparates  I'nim  the 
mdium  sulphate  may  then  be  decanted,  and  cooled  in  a.  IVeea- 
iiig  niixtarc.  The  portioD  remaining  liquid  ia  aeparuted  and 
the  solid  maas  coaalitut«s  pure  acetic  arid. 

Vinegar. — Vinegar  is  the  product  of  the  acid  fermentation 
nf  wine  and  other  alcoholic  liquids.  The  following  process  is 
largely  employed  for  the  conversion  of  wine  into  vinegar.  It 
is  the  Orleans  prooe^.  A  small  quantity  of  nanu  vinegar  is 
first  introduced  intu  large  rats,  which  have  already  been  oaed 
for  the  operation  and  are  impregnated  with  the  peculiar  fer- 
raent  formed ;  quantities  of  wine  are  then  added  at  intfirrals 
of  several  days,  the  vats  being  maintained  at  a  temperature 
between  24  and  27°.  In  a  fortnight,  the  acetification  is  com- 
plete, and  a  portion  of  the  vinegar  is  withdrawn  and  replaced 
by  a  new  quantity  of  wine  whid^  also  beeonics  converted  into 
vin^fur.  The  process  is  thus  continuous,  Under  these  cir- 
cTumstancea,  the  alcohol  is  converted  into  aeetiu  acid  by  the 
infiuence  of  a  pecaliar  ferment  that  is  called  mother  of  vinegar. 
It  is  a  vegetable  product, 
amycodcrm  ( Mi/coderma 
aceli)f  which  apj>eare  on 
the  surface  of  the  liquid, 
where  it  absorbs  oxy^>n 

fitim  the  air  and  subso- 

qaently  cedes  it  to  the 

alcohol   (Pasteur).      lis 

action  may  be  compared 

to  that  of  platinum  black. 
By  another  procesn,  !i 

mix  tore  of  weak  olcohnl. 

Water,    and    albuniiunlil 

matter  (the  juice  of  potii- 

toes, beelB,  etc. ),  contain- 
ing the   elements   nw-- 

■wyfor  theproductiuii  i>l 

the  ferment,  is  allowed  (■> 

trickle  over  beech-woi."J 

shavings.      The  latter, 

stnmg  vinegar,  are  contaim 
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where  ihey  reet  npon  a  double  bottom  ;)erfomhKl  willi  buK 
Tubes,  ^f,  pafts  thrL>u;;li  the  upjier  pimion,  mHintaming  a  cwibii 
of  sir  whicli  enlcnt  at  the  lowi-r  portion  of  ihc  caBk.  Under 
these  cooditiona,  the  liquid,  which  spreads  over  the  shiviiip 
and  exposes  a  conaiderahle  surftice  to  the  tdr.  becomea  oxidiiiiil 
with  such  energy  that  the  temperature  soon  rieee  to  30° ;  i 
flecond  passage  of  the  liquid  through  the  caalts  compleiee  ^ 
acetificatJon. 

Fropertiea  of  Acetio  Acid. — Aectic  acid  is  solid  below  1"°. 
and  u-yttallizes  iu  liir>^>  plntes.  It  boils  at  118°.  lie  denai; 
at  0°  is  1.U8U1.  Ite  odor  is  pungent  and  acid.  It  ia  Ten 
It  mixes  with  water  and  alcohol  in  all  pniportt(iii<. 
it  ia  added  tn  water  there  ta  a  roniraction  in  volume, 
itraction,  and  consequ cully  the  muimiai 
denidty  of  ajjucoutf  ac«tic  acid,  corresponds  to  a  mixture  o» 
taining  CH'O'  +  H'O. 

Vapor  of  acetit!  acid  passed  through  an  ipcaiideeoent  pon* 
lain  tube  yields  gases  and  deposits  carl>on.  at  the  same  liiu' 
forming  small  quuntitiea  of  acetone,  benzol,  phenol,  and  ti^ik- 
thaline  (Berthelot). 

Phoaphonia  pentachloride  converte  acetic  acid  into  aMijI 
chloride,  with  formation  of  hydrochloric  acid  and  phoephone 
oxy  chloride. 

CH'O.OH  +  PC1>  =^  C'H'O.Cl  4-  HCl  +  POCP 

Ac-Uc  Kii.  icHJl  ch1ortd«. 

If  a  mixture  of  small  quantities  of  potassium  acetate  m^ 
arsenious  oxide  be  heated  in  a  test-tube,  den.w  white  Mpiw 
having  an  intense  and  disagreeable  odor  of  garlic  will  bo  di^ 
enga^. 

This  experiment  permits  the  clct«ciion  of  minute  tracwflf 
acetio  acid  ;  if  the  latter  exiHt  in  the  free  sUte  in  the  liqniil. 
its  potassium  compound  miwt  first  be  formed.  The  whiH' 
vapor  discngnged  is  due  to  a  body  formerly  known  as  JumiM 
liquor  of  Cadet  (see  page  453). 

ACETATES. 

The  more  important  neutral  acetates  have  the  coiupo«(»° 
R'{PH'0')  or  R"(Cn'0')',  according  as  the  metul  •I'm'' 
replacea  the  basic  hydrogen  of  the  acel.ic  acid  la  uni^'atent  a 
bivalent.     Tliore  are  ninny  basic  acelat«8. 

Fotauinm  Acetate,  KCH'tV.— This  is  prepared  hjtt* 
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nUng  acetic  acid  with  potassium  carbonate  and  evaporating  to 
dryness.  It  is  thus  obtained  in  crystalline,  very  deliquescent 
laminae.     It  melts  at  292^,  and  is  very  soluble  in  water. 

Sodium  Acetate,  NaCH'O*  +  3H'0.— This  salt  is  obtained 
on  a  large  scale  in  the  arts  in  the  manufacture  of  acetic  acid. 
It  was  formerly  called  p^nAignite  of  soda.  It  crystallisces  in 
large,  oblique  rhombic  prisms,  which  are  very  soluble  in  water, 
and  effloresce  in  dry  air. 

Acetates  of  Lead.— Neutral  lead  acetate,  Pb(C'H»0»)«  + 
3H'0,  known  also  as  sugar  of  lead^  is  made  by  neutralizing 
acetic  acid  with  litharge.  It  crystallizes  in  transparent,  cfHor- 
escent,  oblique  rhombic  prisms,  having  a  sweet  and  astringent 
taste.  It  dissolves  in  half  its  weight  of  cold  water,  and  in  8 
|>arts  of  alcohol.  It  melts  in  its  water  of  crystallization  at 
75.5°. 

The  neutral  solution  of  lead  acetate  dissolves  oxide  of  lead, 
forming  different  basic  salts,  according  to  the  proportion  of 
oxide  dissolved.  The  more  important  of  these  are  a  dibasic 
acetate,  PbCC*H»0*)»  +  PbO  +  4H«0,  and  a  tribasic  acetate, 
Pb(CffO'/  +  2PbO  +  nlPO.  These  two  salts  are  gener- 
ally formed  simultaneously  when  a  solution  of  lead  acetate  is 
boiled  with  litharge.  The  solution  thus  obtained  is  used  in 
medicine  as  Goulards  solution.  If  a  few  drops  of  it  be  added 
to  ordinary  river  or  well  water,  a  cloud  is  produced,  owing  to 
the  formation  of  lead  sulphate  and  carbonate. 

If  carbonic  acid  gas  be  passed  into  a  solution  of  the  sub- 
acetate  of  lead,  a  deposit  of  load  carbonate  is  formed.  In  tliLs 
reaction,  which  serves  for  the  preparation  of  white  load  by  the 
Clichy  method,  the  excess  of  lead  is  removed  from  the  subace- 
tate  by  the  carbonic  acid,  neutral  acetate  being  formed  and 
remaining  in  solution. 

Acetates  of  Copper. — The  neutral  acetate  Cu(Cn'O')'  + 
H*0,  is  prepared  by  double  decomposition  by  niixinjr  hot  solu- 
tions of  sodium  acetate  and  cupric  sulphate.  The  cupric  acetate 
is  deposited  on  cooling  in  beautiful,  obli([ue  rliombic  j)risins 
of  a  deep  bluiBh-green  color.  They  dissolve  in  5  times  tlioir 
weight  of  boiling  water.  The  dilute  afiueous  solution  is  de- 
composed by  boiling,  a  tribasic  acetate  being  formed,  while 
acetic  acid  is  set  free. 

When  cupric  acetate  is  heated,  it  first  loses  its  water  of  crjrs- 
tallization,  and  decomposes  when  the  temperature  reaches  240 
or  250°,  disengaging  acetic  acid,  acetone,  and  carbon  dioxide 
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The  residue  a  fiacly-dividcd  copper.  The  product  of  the  ^ 
tillotian  is  a  blue  liquid,  wliiuli,  when  rectified,  yields  wlorW 
acetic  acid  mixed  with  a  Hiuull  quantity  uf  aoetooe.  Il  «u 
f'orineriy  called  radical  vinegar. 

The  naiue  verdiyrit  ie  applied  to  a  basic  acetate  of  copper 
consistiug  mostly  of  a  dibasic  acetate,  Cu(CH'O')*  +  CuO  -f 
6H'0.  Verdigris  is  prepared  by  exposing  to  the  air  copper 
sheets  piled  up  in  layers  with  the  pulp  of  grapes.  Fn  ■  few 
weeks  the  metal  becomes  covered  with  bluish  crusts  of  venii- 
gris,  which  are  scraped  off  and  delivered  to  commerce  in  the 
Ibnn  of  light-blue  balls.  The  alcohol,  formed  by  the  fcnueota- 
tion  of  the  sugar  eontained  in  the  grape-pulp,  bcMiiues  oxidii«<l 
by  the  air  and  ia  converted  into  acetic  acid,  and  under  the  in- 
fluence of  the  latter,  the  copper  itself  abflorbs  oxygen.  WaUr 
and  copper  basic  acetato  are  thus  formed. 

Silver  Acetate,  AgCH'O*.— This  salt,  which  is  but  dightlj 
soluble  in  water,  is  preoipitated  wben  concentrated  soluticuiti 
of  sodium  acetate  and  silver  uitrate  are  misctL  It  is  depostcJ 
from  boiling  water  in  brilliant,  pearly,  flexible  plates,  vhicli 
darken  on  exposure  (o  light. 

AmmoniQiii  Acetate,  (NH')[^H*0'. — When  aecUc  iddii 
saturaled  by  a  current  of  ammonia  pae,  this  salt  ia  obtwniid  U 
a  deliquescent,  cr}-stalline  mass.  It  b  voiy  soluble  in  w»ia 
and  in  alcohol.  When  heated,  it  first  lose«  ammonit,  ibei 
acetic  acid,  and  acetamide  finally  distils. 

NHVC'H'O*    =     H'O     +     CmO.NIP 


of  Mindtrem 

loeUte, 


Il  is  used  in  medicine  nnder  the  name  i 
This  is  generally  an  impure  solution  of 
charged  with  empyreumatic  matters. 

When  distilled  with  phosphoric  anhydride, 
tate  yields  methyl  cyanide,  or  acetonitrile. 

NH'.C'H'O"  =  C'ffN  +  2H^ 


ETHYL  ACETATE. 

C'H>.CH»0' 

This  acetate,  ordinarily  known  as  acetic  ether,  is  prepared 

by  distilling  a  mixture  of  alcohol,  sulphuric  acid,  and  potasuau 

or  sodium  acetate.     The  ethyl  acetate  passes  over,  togetker 

with  a  certain  quantity  of  alcohol  wUch  escapes  the  reaction. 
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It  is  purified  bj  agitation  with  a  solniion  of  cdciam  chloride, 
and  the  ether  which  floato  is  decanted,  dried  over  calcium 
chloride,  and  rectified  on  the  water-bath. 

It  is  a  colorless  liquid  having  a  very  agreeable,  ethereal  odor. 
It  boils  at  77^.  Density  at  0°,  0.9105.  It  is  but  slightly 
Bolnble  in  water,  but  dissolves  in  all  proportions  in  alcohol  and 
ether.  Like  all  compound  ethers,  it  is  readily  decomposed  by 
potassiom  hydrate. 

(?H».C»H»0*  +  KOH  =  KCW(y  +  CH^.OH 

Ammonia  converts  it  into  acetamide  and  alcohol. 

(?H»0.0(?H»  +  NH»  =  CW.OR  +  CH'O.NH' 

Ethyl  acetate  undergoes  a  remarkable  reaction  with  sodium. 
The  metal  dissolves  in  the  ether,  forming  sodium  ethylate  and 
the  compound  C'H'NaO*. 

2[(7HH).OCH*]  +  Na«  =  NaO.CH*  +  C*H»NaO»  +  H« 

The  body  C'H'NaO'  is  the  sodium  compound  of  acetyl-acetic 
Uher,  C*H«W  =  C»H«((?H»0)0-OC^H»,  which  is  derived 
&om  acetic  ether,  CH'O-OC^H*,  by  the  substitution  of  an 
loetyl  group,  CHH),  for  one  atom  of  hydrogen  in  the  radical 
loetyl.  The  free  acetyl-acetic  ether  may  be  obtained  by  the 
iction  of  hydrochloric  acid  upon  the  sodic  compound  C'H'NaO'. 
[t  is  a  colorless  liquid  having  an  agreeable  odor,  and  boiling  at 
182°.     Density  at  5°,  1.03. 

SUBSTITUTION  PRODUCTS  OF  ACETIC   ACID. 

Three  chlorinated  acids  are  known  which  are  derived  from 
ftcetic  acid  by  substitution : 

Monoohlormeetio  acid C^HSCIOS 

Dichloracetio  acid C»II«C120» 

Trichloracetic  acid C^hcPO' 

Monochloracettc  acid  is  formed  when  a  current  of  chlorine 
IS  passed  into  acetic  acid  heated  to  lOO*^,  and  containing  a  small 
quantity  of  iodine.  As  soon  as  chlorine  begins  to  be  disen- 
gaged at  the  extremity  of  the  apparatus,  the  operation  is  arrested 
and  the  liquid  distilled.  That  portion  is  collected  which  passes 
between  185  and  187''. 

Monochloracetic  acid  is  solid,  and  crystallizes  in  deliquescent, 
rhomboidal  tables  or  in  prisms.  It  boils  between  1 85  and  187.8^. 


I 
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Il  ia  very  oorrosivo.     It  in  converted  into  glyodlic  sddiHuii 
heated  with  an  excess  of  pota^ium  lijrdrate. 
Kl™H'C'tO'     -I-     KOH     ^     KCE'COHjO*    +    KO 

PatuKiDto  PdUhibui  gljrcalUU. 

AmtnonU  converts  it  into  acetamic  or  amidacetic  add  (TH* 
(NH')O.OH  (glycoco!)  (Cahoura). 

Ol.OH  CO.OU 

Honocblonotfc  nHd.  GljemL 

Trichloraeetie  add,  C'HCI'O',  a  very  important  campoBnd 
in  the  history  of  the  science,  was  discovered  by  Dumas  in  l!t4(l. 
It  was  then  one  nf  the  most  remarkable  exaraples  of  a  bodj 
formed  by  substitution,  and  a  comparison  of  its  pmpertiu  viib 
those  of  acetic  acid  led  Dumua  to  imnounce  the  first  idei  of 
chemical  types. 

It  is  obtained  by  exposing  aoetic  add  to  the  action  of  a  luge 
excess  of  chlorine  in  direct  sunlight. 

Trichloracetic  acid  is  solid.  It  forms  transparent  and  deli- 
(jncscent,  rborabohedral  crystals,  fu»blc  at  52.3°,  and  boiling 
between  195  and  200°. 

Its  aqueous  solution  regenerates  acetic  acid  by  the  ae^nof 
sodium  amalgam,  an  interesting  reaction,  since  it  fbrnisbedoM 
of  the  Erst  examples  of  !nverK  tu^Uutioii.  (Melsetts). »  llw 
replacement  of  chlorine  by  hydrogen  is  called.  Water  ind 
sodium  amalgiim  constitute  a  slow  source  of  hydrt^n. 

When  boiled  with  potassium  hydrate,  triobloraoeUo  aciil  ^ 
nishca  potassium  carbonate  and  chioroform, 
CHCTO'  =  CHCl'  +  CO- 
ACETIC  ANHYDBIDE. 
(C'U*0)*0 

This  important  body,  discovered  by  Gerhardt  in  18S2,  * 
prepared  by  the  action  of  one  part  of  phosphorus  oiychlonJf 
on  three  parts  of  dry  sodium  ncetAte.  In  this  operation,  anttjl 
chloride  is  first  formed,  and  this  reacts  upon  an  excess  of  so- 
dium acetate,  producing  sodium  chloride  and  acetyl  aiKtaie,  "f 
acetic  anhydride. 

CH'o.ci  +  ™2}°  =  ''•'^'  +  e™}° 
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Acetic  annydride  is  a  colorless,  mobile  liquid,  having  a  stron 
odor  of  acetic  acid.     It  boils  at  138°.     When  thrown  into 
water,  it  first  sinks  to  the  bottom,  and  then,  absorbing  one  mol- 
ecule of  water,  is  converted  into  acetic  acid,  which  dissolves. 

ALDEHYDE,  OR  HYDRIDE  OF  ACETYL. 

C»H*0 

This  body  was  discovered  by  Dobereiner  in  1821 ;  its  com- 
position and  principal  properties  were  studied  by  Liebig. 

FreparatioiL — Aldehyde  is  prepared  by  oxidizing  alcohol  by 
heating  it  with  manganese  dioxide  and  dilute  sulphuric  acid, 
or  better,  with  potassium  dichromate  and  sulphuric  acid.  The 
vapors  disengaged  are  condensed  in  a  well-cooled  receiver.  The 
distilled  liquid  is  rectified  over  calcium  chloride,  only  the  more 
volatile  portion  being  collected.  This  is  mixed  with  twice 
its  volume  of  ether,  and  the  ethereal  solution  saturated  with 
ammonia  gas.  Crystals  are  deposited  which  constitute  a  com- 
bination of  aldehyde  with  ammonia,  and  the  aldehyde  is  ob- 
tained from  them  by  adding  a  ((uantity  of  Hulphuric  acid  exactly 
sufficient  to  form  ammonium  sulphate  with  the  ammonia;  a 
gentle  heat  is  applied,  and  the  aldehyde  vapor  is  passed  through 
a  tube  filled  with  calcium  chloride,  and  finally  condensed  in  a 
well-cooled  receiver  (Liebig). 

Properties. — Aldehyde  is  a  colorless,  very  mobile  liquid, 
having  a  penetrating  and  somewhat  suff()catin«r  odor.  It  boils 
at  21^.  It  mixes  in  all  proportions  with  water,  alcohol,  and 
ether. 

It  combines  with  ammonia,  forming  aldehyde-ammonia,  or 
acetylide  of  ammonium  (Liebig). 

C^H*O.NH'  =  C^H^O.NIP 

It  unites  with  the  alkaline  acid-sulphites,  forming  crystal- 
lizable  combinations. 

It  is  very  apt  to  become  oxidized,  being  transformed  into 
acetic  acid. 

CH*o  +  o  -=  vnv(y 

If  some  aldehyde  and  a  few  drops  of  ammonia  be  added  to 
a  solution  of  silver  nitrate,  and  a  gentle  heat  be  applied,  the 
liquid  soon  becomes  clouded,  and  the  sides  of  the  vessel  con- 
taining it  are  covered  with  a  brilliant  deposit  of  metallic  silver. 
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Bj  tbe  action  or  sodium  amalgum  and  water,  al3eli_TiIe  Gia 
two  atoms  of  hydrogen,  and  is  converted  into  aleobol  IK. 
Wuriz).  At  the  same  time  a  amall  quantity  of  butyl  g\j«A  U 
formed  (Kekul^). 

C'H'O  -I-  H'  =  CHS) 

When  hydrochloric  gas  is  passed  into  n  mixture  of  aldehyde 
and  absolute  alcohol,  monochlorether  is  formed. 

C"H*o  +  dP-OH  +  ea  =  HM)  +  ''  Aiiib>o         ^H 


Ctilorine  coDverts  aldehyde  into  aoelyl  chloride  sod  t^ 
into  butyl  chloral. 

PH'O.H  +  CI'  ^  CH'O.Cl  +  HCI 

A«m  clilDridg. 

When  treated  with  phosphoruH  pentachloride,  aldehyde  ei- 
changes  its  atom  of  oxypeii  lor  two  atoms  of  chlorine,  and  » 
transformed  into  monoehloretbyi  chloride,  C'H'CI'  (ethylidcK 
chloride). 


PCit 


CH« 


tdcM      I 

alet. 


CHO   '    ""  dna' 

Aldthjds.  Elh;Ud«ie  c> 

Dry  hydrochloric  acid  gas  converts  aldehyde  into  ethyltdcM 
ozychloride  (an  Isomeride  of  dichlorether),  eliminating 
2C'H'0  +  2HC1    =     CH'CIK)     +     H'O 

EUijlldeiie  Dijclilaiidt. 

By  the  action  of  hydroehlorio  acid  diluted  with  twice  itt 
volume  of  water,  aldehyde  doubles  lie  molecule  and  is  wnrwied 
into  a  thick,  colorless,  neutral  body,  boiling  at  db"  in  a  vscunni ; 
it  is  soluble  in  water  and  reduces  ammoniacal  silver  niinlC' 
This  body  is  aldol,  C'H'O'  (A.  Wurti), 

When  heated  with  ordinary  hydrochloric  acid,  aldehyde  pM 
crotonic  aldehyde  (Kekol^). 

2CH'0    =     H'O    +     CHH) 

AldohjilB.  Crolonic  »ldelijil(L 

The  same  transfoniiation  takes  plat 
to  100°  with  a  small  c|Uuntity  of  zin 
water. 

Like  all  of  ila  analogues,  aldehyde  can  unite  with  hydro- 
cyanic acid,  forming  the  compound  CH'-CH(OH)(_CN),  ■ 
liquid  soluble  in  wai«r  and  alcohol,  boiling  at  183",  and  i»d- 


ACBTYL  CHLORIDK. 


Sill 


verted  by  adds  and  alkalies   into  lactia  aaid,  with  disengage-l 
ment  of  nninionia.  {see  page  584). 

When  aldehyde  is  heated  (u  100°  with  afuohol,  actlal  ii 
formed ;  this  is  also  Touud  in  amall  quanlitiefi  among  the 
prtxluotB  or  the  oiidutiun  of  uluohol. 

CH'.CHO  +  CH\OU  =  U'O  +  CH'CH<2^[J1 

Aldihl-de.  Alcuhul.  Acstal. 

Polymerides  of  Aldehyde. — ildehjde  has  a  great  ten-  1 
dency  to  become  eunvcrtod  into  polynierio  modiGcationL  1 
Among  these  are  paraldehyde,  which  is  liquid,  aod  me.lalde-  ' 
hyde,  which  \»  solid  (Lichig). 

Paraldehyde,  CH"0',  is  formed  by  the  action  of  a  trace  of 
sulphuric  acid  or  of  zinc  chloride  d»  aldeliyde.  It  is  a  color- 
]««s  liquid,  having  a  density  of  0.998  at  15°,  and  boiling  at 
124°.  At  a  low  temperature  it  solidifies  to  a  leaf-like,  crys- 
talline mass,  fusible  at  10.5°.  It  dissolves  in  eight  times  its 
Ti^me  of  water.     When  distilled  with  a  small  quantity  of 

Erio  add,  it  is  again  converted  into  aldehyde. 
,1 
I    0 


ACETYL  CHLOllIDE. 


C'JPO.Cl  ^ 


i!:oci 


)  body  was  obtained  by  Gerhardt  in   1S52,  by  treating:! 
I  acetate  with  pcntachloride,  or  oxycbloride  of  pho»T  i 


NaCH^O'  -r  PCI'  =  C'H'OCl   +  NaCI  +  POCl' 

It  is  also  formed  by  the  nrtinn  of  chlorine  on  lUdehyde. 
It  is  a  njlortess,  mobile  liquid,  having  a  pungent  odor.     U| 
InuIs  at  55°. 

If  it  lie  poured  into  water,  it  sinks  to  the  bottom,  but  rapidly 
s  into  bydrochlorio  and  acetic  acids. 
C'Q'O.Cl  +  H'O  ^  UCI  +  CHtJOH 

I  similar  decomposition  with  alcohol,  forming 
wtate  and  hydrochloric  acid. 
\  CH'O.Cl  +  C^H'.OH  =  HCI  +  PHWHW 
h  ammonia,  it  forms  acetamiiic  and  ammoninm  chloride. 
CH'O.Cl  +  2Sn'  =  NH'CI  +  CH'O.N'H' 
a  with  acetutcs,  forming  acetic  anhydride. 
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TRICHLORAOETTL  HTDRIDB,  OR  TKIGHLORAL 

DBHTDB. 

(CHLORAL.) 

This  important  body  was  disoorered  hj  laebig  and  Dumas. 
It  is  formed  by  tbe  prolonged  action  of  chlorine  oo  alcohol 
It  is  a  colorless,  mobue  liquid,  having  a  peculiar,  penetrating 
odor.     It  boils  at  94.4^  (Dumas). 

Gkrhardt  regarded  it  as  aldehyde  in  which  the  three  atoms 
of  hydrogen  of  the  radical  are  replaced  by  three  atoms  of 
chlorine. 

(?HH).H  (?CPOM 

Aldehjde.  ChknL 

(Aoelyl  hydfid*.)  (Triohlorufl^l  ^rkto.) 

Its  reactions  resemble  those  of  aldehyde.  It  forms  ciTBtal- 
lizable  compounds  with  the  disulphites.  Its  ammoniacal  sola- 
tion  reduces  silver  nitrate.  These  facts  seem  to  indicate  that 
chloral  contains  the  group  CHO,  which  is  characteristic  of  the 
aldehydes ;  its  constitution  is  then  expressed  by  the  formula 

CCl' 

buo 

It  regenerates  aldehyde  by  the  action  of  nascent  hydrogen 
(Personne). 

The  alkaline  hydrates  decompose  it  into  chloroform  and  a 
formate  (Dumas). 

C^IICTO  +  KOH  =  KCHO*  +  CHCl'. 

Chloral.  Potaarium  fonnate. 

Nitric  acid  converts  it  into  trichloracetic  acid,  in  the  same 
manner  that  aldehyde  is  converted  into  acetic  acid. 

C'HCl'O  +  0  =  CHCIW 

Chloral  forms  a  crystaUizable  compound  with  water,  (?HCK) 

CCP 
+  H*0  =    I  >  called   chloral    hydrate.      The  latter 

^  CH(On)*  ^ 

melts  at  57°,  andi  boils  at  98°  (Personne),  being  at  the  same 

time  dec^omposed  into  anhydrous  chloral  and  water.    It  is  very 

soluble  in  water. 


AORONl.  543 

In  contact  with  oonoentnted  sulphnrio   acid,  ohlonl  is 

rapidly  converted  into  a  white,  solid  substance  which  is  insol- 
uble in  water ;  it  has  the  same  composition  as  ordinary  chloral, 
and  is  called  insoluble  chloral. 

Chloral  also  combines  with  alcohol,  forming  alcoholate  of 
chloral  (Personne). 

Chloral  hydrate  has  for  some  time  been  successfully  employed 
in  medicine  as  an  anodyne  and  hypnotic. 

ACETONE. 
C«H«0 

Acetone  is  the  methylide  of  acetyl,  C'H'O.CH',  and  since 
acetyl  itself  is  carbonyl  (carbon  monoxide)  methylide,  CH'-CO, 
acetone  can  be  regarded  as  carbonyl  dimethylide,  CH'-CO-CH'. 

CO"  IS  «>"{^nj 

OftrtMnyl  chloride.  Carbonjl  dimethylide  (acetone). 

Indeed,  the  synthesis  of  acetone  has  been  made  both  by  treat- 
ing acetyl  chloride  with  zinc  methyl  (Pebal  and  Freund),  and 
by  treating  sodium .  methyl  with  chlorocarbonic  gas  (carbonyl 
chloride). 

Zn(CH")*  +  2(C»H'0.C1)  =  2(C^H^0.CH')  +  ZnCP 

Zinc  methyL  Acetyl  chloride.  Acetone. 

2(CH».Na)  4-  CO  {  pj  =  2NaCl  +  CO  j  ^}}I 

Sodium  methyl.       Oarbony  1  chloride.  Acetone. 

ProparatioiL — Acetone  is  prepared  by  distilling  dry  calcium 
acetate  in  a  clay  retort.  The  vapors  given  off  are  condensed 
in  a  well-cooled  receiver,  and  the  liquid  obtained  is  distilled  on 
a  water-bath  with  an  excess  of  calcium  chloride. 

Ca(C»HW)^  =  C^H'O  ^    CaCO* 

Properties. — Acetone  is  a  colorless  liijuid,  having  a  slightly 
empyreumatic,  ethereal  odor.  It  boils  at  56°.  It  dissolves  in 
all  proportions  in  water,  alcohol,  ether,  and  wood-spirit. 

Like  aldehyde,  it  forms  cry  stall  izable  combinations  with  the 
alkaline  acid-sulphites. 

Acetone  and  its  homologues  are  not  susceptible  of  direct 
oxidation.  If  it  be  heated  with  a  mixture  of  sulphuric  acid 
aod  potassinm  dichromate,  it  breaks  up  into  acetic  acid  and 
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fermio  add,  a  portion  of  the  lattar  being  ggidiwi  to  oaboD 
dioxide. 

CH».(X).Cff  +  0»  =  CH*-OO.OH  +  HOO.OH 

In  presenoe  of  nascent  hydrogen,  prodnoed  by  aodinm  unil- 
gam  and  water,  it  fixes  H*  and  ia  oonyerted  into  iBoprofyyl 
aloohol  (Friedel). 

CH*  ^H* 

60    +    H<    —    0H.OH 

Ah*  ch» 

AeetocM.  iHiirapjl  ■loohoL 

It  is  seen  by  this  method  of  fimnation  that  isopropyl  aloohol 
contains  a  group  CHOH,  united  to  two  methyl  groups ;  it  is  t 
secondary  aJcohol  (page  508). 

Isopropyl  alcohol  is  not  the  only  product  of  the  acUon  of 
nascent  hydrogen  on  acetone.  The  reaction  eiyes  rise  to  t 
product  of  condensadon  resulting  from  the  addition  of  H'  to 
two  molecules  of  acetone.  This  has  reoeiyed  the  name  pmo- 
cone, 

2CHK)  +  H«  =  (?H'*0» 

PlnaooiM. 

It  is  a  tertiary  glycol  (see  page  563).  It  constitutes  a  oolo^ 
less,  crystallizable  mass,  fusible  between  35  and  38^,  and  boU- 
ing  at  171-172°.  By  the  action  of  dilute  and  hot  sulphuric 
or  hydrochloric  acid,  it  loses  one  molecule  of  water  and  is  oon- 
yerted into  a  neutral  liquid,  boiling  at  106^.     This  is  pmaeo- 

When  acetone  is  added  in  small  portions  to  phosphonu 
pentachloride,  a  yery  energetic  reaction  takes  place  and  two 
chlorides  are  formed.  One  of  them,  (?H*C1'  (methylchlor- 
acetol),  boils  at  70°.  The  other,  (?H*C1  (monochloropropj- 
lene),  boils  at  23°  (Friedel). 

(?H«0  +  POP  =  CH^CP  +  POCl* 
(?H«C1'  =  (?H*C1  +  HCl 

Hot,  concentrated  sulphuric  acid  remoyes  the  elements  of 
water  from  acetone  and  conyerts  it  into  a  hydrocaibon,  wbidi 
has  reoeiyed  the  name  mesUylene  (Kane). 

3(?H«0  —  3H'0  =  (?H» 
Like  aldehyde,  acetone  will  unite  with  hydrocyanic  aeU, 
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fonniDg  a  cyanide  Tor  ejaohydrin),  which  is  decomposed  by 
both  acids  and  alkalies,  with  disengagement  of  ammonia  and 
fonnation  of  an  acid;  the  group  CN  is  then  converted  in 
oarboxyl  CO.OH. 

gg:>co  +  HCN  =  gg:>c<gj 

Ao«ton«.  Acetone  ejaobjdiin. 

ACETAMIDE. 

C«H»O.NH« 

This  amide  may  be  obtained  by  heating  ethyl  acetate  to  100® 
in  sealed  tabes  with  aqueous  ammonia.  Alcohol  and  acetamide 
are  formed  according  to  the  equation 

CH*.(7H»0'  +  NH»  =  C*H»O.NH«  +  CH*.OH 

When  the  resulting  liquid  is  evaporated  in  a  vacuum,  the 
acetamide  remains.  It  may  be  purified  by  distillation,  collecting 
that  which  passes  above  200°. 

Acetamide  is  also  formed  by  the  action  of  ammonia  on  acetyl 
chloride ;  one  of  the  readiest  methods  of  preparing  it  consists 
in  simply  distilling  ammonium  acetate. 

It  is  a  solid,  crystallizable  body,  soluble  in  water  in  all  pro- 
portions. Its  odor  resembles  that  of  mice.  Boiling  potassium 
hydrate  reacts  with  it,  forming  potassium  acetate  and  ammonia. 
Phosphoric  anhydride  removes  from  it  the  elements  of  water, 
converting  it  into  acetonitrile  or  methyl  cyanide. 

C»H»O.NH«  =  C'H'N  +  H*0 


ACIDS  OF  THE  SERIES  C"H«»0« 

Formic  and  acetic  acids,  of  which  the  principal  compounds 
have  just  been  described,  are  the  first  terms  of  a  very  extensive 
homologous  series.  It  is  the  series  of  volatile  fatty  acids,  so 
named  because  it  includes  a  great  number  of  compounds  which 
were  at  first  obtained  from  the  natural  fatty  bodies,  and  which 
are  the  fatty  acids  proper.  Among  the  bodies  congeneric  with 
acetic  acid,  those  of  which  the  molecules  are  less  complicated 
are  liquid  at  ordinary  temperatures ;  the  others  are  solid.  The 
following  table  gives  the  nomenclature,  composition,  and  prin- 
cipal physical  properties  of  these  acids : 
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Fomio  Msid      •    •    •    • 

Aoetioaeid 

Propionic  add  •  .  . 
Batyrio  add  .... 
Valeric  add  (ifloyalerie) 
Caproio  acid  (isocaprdo) 
(Enanthylio  add 
CMrylic  add  . 
Pelargonio  add 
Oaprio  add .  . 
liMiric  acid .  • 
Myriatio  acid  . 
Pdmitio  acid  . 
Margario  add  . 
Stearic  acid  .  . 
Araohnic  acid  . 
Benio  acid  .  . 
Oerotic  acid 
Melissic  add    . 


■afMNfiA 


CHW 

C*HW 

C»H»"0» 

C«IP«0« 

Cf"H«0» 
Ci*H"0* 

QlTUSIOl 

C»H«0" 
C«H»*0> 


H-OO.OH 
CHMXXOH 

o>hm:o.oh 

C»HT-O0.OH 

C*H»-CO.OH 

OIPMX).0H 

<?H»-CO.OH 

Cf»H»MX).OH 

C»H"-<X).OH 

0»IPMX).OH 

CUIPMX).OH 

C»H«-<X).OH 

C>»H»MX).OH 

Ci«H«MX).OH 

C«m«MX).OH 

C»H«MX).OH 

CnH«-CO.OH 

C«H«-OO.OH 

C»H»-<X).OH 


QO 


14« 
18»(?) 
27.r 
43.6° 

76« 

78<» 
88« 


We  have  ahready  noticed  the  existence  of  nnmerous  isomene 
alcohols,  and  in  their  study  the  principles  of  isomerism  have 
been  explained.  Such  isomerides  exist  also  in  the  series  of 
acids,  and  are  caused  by  the  different  atomic  structure  of  the 
radicals,  C"H*"^',  which  figure  in  the  preceding  formuUe.  We 
will  consider  two  examples.  1.  When  normal  butyl  alcohol, 
CH»-CH^-CH«-CH».OH,  is  oxidized,  normal  butyric  acid,  or 
the  butyric  acid  of  fermentation,  is  obtained,  CH*-CH'-CH - 
CO.OII.  The  acid  obtained  by  oxidation  of  the  butyl  alcohol 
of  fermentation  is  different  from  this,  and  the  difference  is 
caused  by  the  difference  in  structure  of  the  radicals  (CH')'. 

Isobutyric  acid,  derived  from  the  alcohol  of  fermentation, 

whose  constitution  is  pjjs^CH-CH'.OH,  contains   niii^ 

CH-CO.OH. 

The  acid  is  derived  from  the  alcohol  by  the  substitation  of 
0  for  IP  in  the  group  (CmOH)'. 

2.  As  we  have  already  seen,  the  constitution  of  amyl  alcohol 
of  fermentation  is  expressed  by  the  formula 

^^'>Cn-CH'-.CH'.OH. 
The  valeric  acid  produced  by  its  oxidation  is  then 

J;g.>CH-CH'-CO.OH 
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Normal  valeric  acid  rcsultij  from  the  oxidatiou  ot"  normal 
amyl  alcohol,  and  contains 

CH«-CH«-Cff-CH«-CO.OH 

pas 

Methylethylacetio  acid,  ^^5>CH-C0.0H,  or    optically 

tcdve  Taleric  acid,  is  derived  from  active  amyl  alcohol. 

The  trimethylacetic  acid,  which  was  discovered  hy  Boatlerow, 
oonUins  (CH')»C-CO.OH ;  it  is  derived  from  the  alcohol 
(CH*)'C-CH».OH,  which  is  not  known. 

If  we  compare  the  three  isomeric  acids,  CH**©*,  with  acetic 
acid  itself,  we  will  find  that  their  isomeric  relations  can  be  ex- 
pressed in  a  very  simple  manner,  by  saying  that  normal  valeric 
acid  is  propylacetio  acid,  the  acid  derived  from  the  alcohol  of 
fermentation  is  isopropylacetio  acid,  and  that  the  last  two  are 
methjlethylaoetio  and  trimethylacetic  acids. 

CH«  CH«(C«HT)         CH«(CH<qh!) 

io.OH  CO.OH  CO.OH 

Acetic  add.       Propjlacetic  add      laopropylacetle  add. 

CO.OH  CO.OH 

Metliyletbylacetic  acid.  Trimethylacetic  acid. 

We  cannot  dwdl  farther  on  the  subject;  that  which  pre- 
cedes is  sufficient  to  elucidate  the  isomerism  of  acids  of  the 
aeriee  C"H'»0». 

PROPIONIC  ACID. 
C«H«0«  =  CH«-CH«-CO.OH 

This  acid  is  formed  by  the  action  of  potassium  hydrate  on 
ethyl  cyanide.  It  is  also  a  product  of  fermentation ;  thus,  it 
has  been  obtained  by  allowing  a  solution  of  sugar,  mixed  with 
chalk  and  cheese,  to  ferment  during  a  year.  It  is  also  formed 
in  small  quantity  in  the  distillation  of  wood. 

Wanklyn  made  its  synthesis  by  passing  carbon  dioxide  over 
sodium  ethyl. 

CO.O    -f     C^H'^Na    =     C'H^-CO.ONa 

Sodium  propionate. 

Propionic  acid  may  also  be  formed,  though  with  difficulty, 
by  the  direct  combination  of  carbon  monoxide  and  ethylate  of 
sodium. 

CO  +  C'H^ONa  =  C^H*-CO.ONa 
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Properties. — It  is  a  colorless,  mobile  liquid,  having  an  odor 
like  that  of  acetie  acid.  It  soUdifiea  at  —21*.  and  boiU  ti 
140.7°.  DL-nsity  at  21",  (1.9%,  It  is  raistible  with  waUr  in 
all  proportiooa.  Calcium  chloride  separates  it  IVom  it«  sqaeon^ 
BolutioD. 

There  are  a  great  number  of  Hubstitution  prodnctfi  direotlj 
related  to  propionic  acid.  Among  these  are  the  chlorine,  bro- 
mine, and  io^ne  derivatives,  and  the  amidea.  Two  of,  these 
derivutivea  are  known  of  each  particnlar  species,  preaenting 
curious  isomeric  relations.  The  following  examples  wilt  Herre 
aa  illuBtrationa : 

CH>  CH>  CH»C1  OH"  CH'(SH') 

tH>  inci  ce»  iH(SH')        iin 

CCH  CCH  io'H  kofu  ai=u 

Pnip4ualc       «-ChlorgprD-     fl-Tlilonipra-  a-Araldopnipf-      fi-&m\Aapnfi- 

Only  the  iodo-derivativea  will  be  described  hero,  and  faflher 

a-iodopropiouic  acid,  C'lI^IO',  ia  prepared  by  the  action  of 
concentrat«d  hydriodic  acid  or  phosphorus   iodide  on  l»ctif 

CH-ff  +  HI  =  CE'IO*  +  IPO 

Lactic  uid. 

It  is  a  thick,  oily  body,  almost  insoluble  in  wat«r. 
^-iodopropionic  acid  ia  formed  by  the  action  of  conoentraltd 
hydriodic  acid  or  phosphorus  iodide  and  wnter  on  glyoerio 

CH-O'    +  3HI  =  CH'IO'  +  2H'0  +P 

also  forme 
and  acrylic  acid,  i 

CH'O*  +  HI  =  CE'IO* 

It  is  a  solid,  occurring  in  cr^talline  lamiofe,  fusible  at  Si"- 

It  is  very  soluble  in  boiling  water.     When  healed  to  1S0° 

with  hydriodic  acid,  it  is  converted  into  propionic  acid. 

CH'IO'  +  HI  =  P  +  CH*0' 

BUTYRIC   ACIDS. 
C*H«0» 
ffomiRl  Bntyric  Acid,  CH'-CH'-CH'-CO.OH,  was  dis- 
covered by  Chevreul  in  butter,  where  it  exists  in  cotDbinatiaa 
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with  gljeerin  in  butyrin.  Pelouie  and  O^lis  have  shown  that  it 
is  formed  in  abundance  wbeo  a  solution  of  sugar,  gluoose,  or 
even  starch  b  abandoned  for  several  weeks  with  the  addition 
of  ch^k  and  old  chucse.  In  about  ten  days  a  masa  of  calcium 
lactate  is  formed,  but  this  80on  diHappcan,  gases  being  at  the 
same  time  disengaged.  The  mass  again  becomes  liquid,  and 
the  solution  contains  calcium  butyrate.  This  is  convert«d  into 
iMdiom  butyrate,  which  is  finally  decomposed  by  sulphuric 
acid  -,  the  butyric  acid  separate  in  the  form  of  an  oily  liquid, 
which  is  decanted  and  distillled. 

PropeTlira. — Butyric  acid  is  a  colorless  liquid,  bavin;;  a  pun- 
gent and  disagreeable  odor  which  recalls  that  of  rancid  butter. 
It  is  quite  soluble  in  water.  Density  at  14°,  0.958.  Boiling- 
point,  163°. 

It  perfectly  neutraliiea  the  bases,  forming  butyral«s.  These 
salts,  which  are  mostly  soluble  in  water,  have  a  fatty  aspect. 
Calcium  bntyrate,  Ca(C*H'0'),'i8  more  soluble  in  cold  water 
than  in  hot  water,  so  thai  it«  cold  saturated  solution  becomes 
a  solid  uia^s  when  heated  to  70°. 

Ba^rone. — When  calcium  butyrate  b  subjected  to  dry  dis- 
tillation, it  yields,  as  principal  product,  butyrone,  one  of  the 
bomologues  of  acetone  (Chancel). 

CaCCn'O")'     =     CH'"0     +     CttCO' 

Cfclclum  bqlf  rtlfr.  BulyriHla. 

Butyrone  is  a  colorless  liquid,  lighter  than  water,  and  havmg 
a  peci^iar,  ethereal  odor.     It  boils  at  144°. 

BatyraL — The  principal  product  of  the  distillation  of  a  mix- 
ture of  butyrate  and  formate  of  calcium  is  buiyral,  or  bvlifrie 
Mehi/de,  CHH). 

Cs(CirO')'  +  Ca(CHO')'  =  eCnCC  +  SC^HK) 

This  important  reaction,  discovered  by  Piria,  permits  of  the 
conversion  of  butyric  acid  into  its  aldehyde  ;  it  can  also  be  ap- 
plied to  the  transformation  of  other  acids  into  aldehydes. 

Butyral,  which  was  discovered  by  Chancel,  is  a  liquid,  boil- 
ing at  altout  70°.  Like  aldehyde,  it  forms  a  cry  stall  liable 
ix)mpound  vfith  ammonia,  and  it  unites  with  the  alkaline  aeid- 
Hulphit«s  aa  do  tie  other  aldehydes  and  the  acetones. 

IiobBtyrio  Acid,  ^^1>CH-C0.0H,  isomeric  with  bu- 
tyric acid,  was  discovered  by  Morkownikof. 

It  is  farmed  by  the  oxidation  of  butyl  alcohol  of  formenta- 
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tioD,  Bod  exists  Dnturallj  in  the  Fmit  of  the  CcratoHta  iSiqun 
(carob  locust,  St,  John's  bread).  It  is  also  obtaioed  by  detom- 
posing  isopropjl  cyanide  with  potassiuni  hydrute. 

(C'H'j'CN  +  2H'0  ^  Nff  +  (CH'J'-CO'H 
It  is  It  liquid  haviog  a  disagreeable  odor,  like  that  of  tbr 
acid  of  fermcDlatioQ.     Density  at  20°,  0.9603.      Il  boils  ai 
164=. 

VALERIC   ACIDS. 

lB0valericAeid,^[[!>CH-CH'-CO.OH,  was  disooyetd 

by  Clievreul,  who  first  obtaioed  it  from  dolphin  oil  (phocenie 
acid).  It  may  be  prepared  by  distitlation  of  vnleriaD  root  wilh 
water  ;  hence  its  name.  It  exists  also  in  the  root  of  aagelici. 
in  the  Athamanln  oreote/inum  and  in  the  Ihiit  and  bark  uf 
the  Vi/i-urntim  opuliif.  The  Baroe  acid  Is  formt^  when  niuyi 
alcohol  is  oxidized  by  a  mixture  of  potassium  diohromaW  ind 
Butphnric  acid.  It  is  also  formed  when  potassium  hydrat«i9 
boiled  with  isobutyl  cyanide,  by  a  reaction  simiUr  to  that  whicti 
has  already  been  indicated  for  the  formation  of  isobutyriftMid. 

pg,'>CH-CH"-CN  +  3H>0  -  ITH'  +  ^^J>Ce-Ce»-CO.OH 
iBgbnljl  cjuitde,  iMTmlerfc  arid. 

Valeric  acid  is  a  colorless  liquid,  having  a  pungent,  dts^ree- 
able  odor.  Density  at  0°,  0.9-17.  It  boils  at  175°.  It  diasolw) 
in  30  parts  of  water,  from  which  it  is  precipitated  by  (be  addi- 
tion of  neutral  ruIis.     Its  ammonium  salt  is  u»ed  in  medicios. 

Normal  Valerlo  Acid,  which  has  already  been  meniioixd 
(pafte  547),  is  u  colorless  liquid,  smelling  like  butyric  add.  b 
boils  at  184-185°,  and  its  density  at,  0°  is  0.9577. 

Methylothylacetic  Acid,  ^^'s>CH-CO,OH,  or  opdoillT 

astivD  valeric  acid,  has  been  obtained  by  the  oxidation  of  adiTt 
amyl  alcobot.     It  boils  at  173°. 

Trimetliyl acetic  Acid  is  formed  when  potassium  hydntftil 
boiled  with  the  cyanide  derived  from  trimethylcarbinol. 

CCH'/C-CN  -f  2H'0  =  (CH')'C-OO.OH  -f  NH» 
It  is  a  crystalline  mass,  fusible  at  35°,  and  boiling  at  163.8°* 
It  dissolves  in  40  parts  of  water  at  20'. 
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CAPKOIC    ACIDS. 

There  are  at  present  known  several  isomeric  aoids  having  the 
composition  Cf  H^H)*.  One  of  them  was  discovered  in  hntter 
by  Chevrenl.  Normal  caproic  acid  is  formed  hy  the  oxidation 
of  normal  hexyl  alcohol,  and  in  the  decomposition  of  normal 
amyl  cyanide  by  boiling  potassium  hydrate.  It  in  an  oily  liquid, 
having  but  a  faint  odor ;  its  density  at  0°  is  0.945,  and  it  boils 
at  205°.  Levcine,  C*H"NO*,  an  important  nitrogenized  body 
which  exists  in  the  animal  economy,  is  an  amide,  C*I1"(NH^)0', 
of  normal  caproic  acid. 

The  caproic  acid  mentioned  on  page  546  is  an  Lsomeridc  of 
the  preceding  acid.  It  is  obtained  by  decomposing,  by  potas- 
edum  hydrate,  amyl  cyanide  derived  from  the  alcohol  of  fer- 
mentation. 

HIGHER  •FATTr  ACIDS. 

Our  limited  space  will  not  permit  of  a  description  of  all  of 
the  acids  of  this  series ;  we  can  only  briefly  consider  the  last 
members. 

Palmitio  Aoid,  C"H'^0'. — This  exists  in  palm-oil  in  com- 
bination with  glycerin.  It  is  prepared  on  a  largo  scale  in 
England  by  distilling  palm-oil  by  means  of  superheated  steam, 
which  decomposes  the  oil  into  fatty  acid  and  glycerin.  The 
fatty  acids  solidify  on  cooling.  The  mass  is  expressed  to  re- 
move the  liquid  oleic  acid  with  which  it  is  impregnated,  and  so 
obtained  in  dry,  white  cakes,  which  are  used  for  the  manufac- 
ture of  candles. 

Kargario  Aoid,  C"B.^(y. — According  to  Chevreul,  this  acid 
exists  in  nearly  all  solid  fats.  To  separate  it  from  stearic  acid, 
which  always  accompanies  it,  Chevreul  recommends  the  following 
process :  olive-oil  is  saponified  with  litharge  and  water,  and  the 
lead-plaster  or  soap  thus  obtained  is  allowed  to  cool;  afler 
separating  it  from  the  water  which  holds  the  glycerin  in  solu- 
tion, it  is  pulverized  and  exhausted  with  ether,  which  dissolves 
the  lead  oleate  and  leaves  the  margarate.  The  two  salts  being 
deoomposed  by  hydrochloric  acid,  furnish  respectively  oleic  ana 
marcaric  aoids. 

Margaric  acid  may  be  obtained  synthetically  by  decomposing 
oeijl  cyanide  by  potassium  hydrate 

C"H".CN  -f  2H^0  =  C"H"CO.OH  -f  NH» 
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Margaric  acid  crystallizes  in  while  Hcalee,  faeible  at  liO'^ 
Heintz  considers  that  the  miirgaric  acid  obtuioed  from  duut 
fats  is  a  misture  of  palmitic  and  stearic  acids. 

Stearic  Acid,  CH^O',  waa  obtained  from  tallow  by  Cher- 
reul.  It  is  a  solid,  meltJDs:  at  69.2'.  A.{\>ii  cooling,  the  fused 
acid  becomes  a  lamiaated,  white  mass.  It  is  insoluhle  in 
water,  but  dissolves  in  alcohol  tmd  othei-.  The  alcoholic  soId- 
IrioD  deposits  it  in  small  pearly  scales,  which  are  not  gtvasy  to 
the  touch.     Stearic  acid  is  used  for  the  manufacture  of  stearin 

The  alkaline  stearatcs  are  soluble  in  water.  If  a  large  exras 
of  water  be  added  to  the  soluiion  of  a  Deutral  slearate,  a  trjalil- 
line  precipitate  is  formed  which,  accordiDg  to  Chcvreul,  is  m 
acid  stearate.  On  this  renctioo  he  has  founded  a  method  for 
the  preparation  of  stearic  acid. 

The  stearates  of  catciura,  barium,  and  lead  are  insoluble  in 
wat4?r,  and  can  be  obtained  by  double  decomposition. 

Cerotic  and  HelisBic  Acids. — These  acids  have  been  ob- 
tained from  wax  by  Brodie  (,page  514). 


OLEIC  ACID  AND  ITS  HOMOLOGUES. 

Oleic  acid,  which  has  just  been  mentioned  and  which  Ch«T- 
reol  ohtiuned  from  i^leio,  is  the  principal  constituent  of  a  grot 
number  of  oils  and  fats ;  it  doe»  not  bclon»  to  the  series  of 
volatile  fatty  acids.  Its  formula,  C'*H''0',  shows  that  it  diftw 
from  stearic  acid  by  containing  two  atoms  of  hydrogen  Ics 
than  the  latter  acid.     It  belongs  to  the  series  C'H**^'. 

Acrylic  Acid,  CH*=CH-CO.OH.— This  is  the  first  teno 
of  the  series  C'H'^'O'.  It  receives  ils  name  from  the  6ct 
that  it  resulls  from  the  oxidation  of  acrolein,  or  aerj/lie  alit- 
hyde,  CH'O,  which  is  formed  in  the  destructive  distillitioii 
of  neutral  fatty  substances  and  glycerin  and  its  compounda;  it 
is  a  product  of  the  dehydration  of  glycerin. 

CH'O'    =    C=H'0     +     2H'0 

Olrcerin.  AcralciB. 

Acrolein  reduces  silver  oxide,  like  the  other  aldehyda, 
being  converted  into  acrylic  acid.  This  acid  is  liquid,  and  boib 
above  100°.  Nascent  hydrogen  converts  it  into  propionic  loi 
Fusion  with  potassium  hydrate  decomposes  it  into  formic  aod 

acetic  acids. 
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Crotonie  Aldehyde  and  Add. — These  two  bodies  are  homo- 
logues  of  acrylic  aldehyde  and  acid. 

CHK)  aorylio  aldehyde.  C>HH)S  Msrylio  aoid. 

C*RH>  erotonie  aldehyde.  OH^C  orotonio  acid. 

Crotonie  aldehyde  is  one  of  the  numerous  transformation 
products  of  ordinary  aldehyde.  When  the  latter  body  is  sub- 
jected to  the  action  of  certain  salts,  it  loses  the  elements  of 
water  and  is  converted  into  a  body  which  Lieben  called  acral- 
dehydej  but  which  is  no  other  than  crotonie  aldehyde. 

2CH*0  =  C^HH)  +  H'O 

This  aldehyde  is  a  liquid  having  a  very  irritating  odor  and 
an  acrid  taste.     It  boils  at  103°. 

When  submitted  to  the  action  of  oxidizing  agents,  such  as 
silver  oxide  in  presence  of  water,  it  is  converted  into  crotonie 
add. 

C*H»0  +  0  =  C^HH)' 

This  acid  crystallizes  in  large  plates,  fui<ible  at  72°.  It  boils 
at  182°.  Nascent  hydrogen,  produced  by  the  action  of  sul- 
phuric acid  and  zinc,  converts  it  into  normal  butyric  acid, 
CH»-CH»-CH»-CO.OH.  It  combines  directly  wiih  bromine, 
producing  heat,  and  is  changed  into  dibromobutyrio  acid, 
CH'-CBBr-CHBr-CO.OH.  Fusion  with  potassium  hydrate 
decomposes  it  into  two  molecules  of  acetic  acid. 

There  is  an  isocroU^iic  acid,  CH^  CH-CH'-CO.OH,  a 
liquid  boiling  at  172°.  When  heated  to  170-180°  in  sealed 
tubes,  it  is  converted  into  crotonie  acid. 

Oleic  Acid,  C"H'*0'. — This  acid,  of  which  the  preparation 
has  been  indicated  (page  551),  is  an  oily  liquid,  which  solidifies 
to  a  crystalline  mass  at  4°.  Its  concentrated  alcoholic  solution 
deposits  it,  when  cooled,  in  small  needles  fusible  at  14°. 
When  pure  it  is  odorless,  and  does  not  redden  litmus  paper. 
On  exposure  to  the  air  it  absorbs  oxy(;en,  and  becomes  rancid 
and  acid.  Fusion  with  potassium  hydrate  converts  it  into 
acetic  and  palmitic  acids. 

When  boiled  with  nitric  acid,  it  oxidizes,  losing  carbon 
dioxide,  and  there  are  formed  volatile  fatty  acids  from  acetic 
to  capric  acid,  and  homolo<rues  of  oxalic  acid,  including  suberic 
((?H^*0*)  and  succinic  (C*H*0)  acids ;  nitrogen  peroxide  con- 
vertt  oleic  acid  into  an  isomeride,  elaidic  acid^  a  8olid  body, 
erystallizing  in  brilliant  plates,  fusible  at  44-45°  (Boudet). 
T  47 
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POLYATOMIC  COMPOUNDS. 
After  the  description  of  the  comparatively  simple  coropoumls 
whi(.-h  are  naturally  grouped  with  the  monatomic  alcohols,  we 
pnieued  to  the  moro  complex  compounds  constitutii^  the  pnly- 
utoniic  alcohols  and  their  derivatiTee.  The  latter  alcohols  are 
neutral  hydrates,  capable  of  reatting  with  the  acids  to  form  ncn- 
iral  combinations  analogous  to  the  compound  ethers.  ThoM 
Letter  known  are  related  to  the  saturated  hydrocarbons,  ftoii 
which  they  are  derived  by  the  HubHlitution  of  several  hydroij! 
groups  for  as  many  atoms  of  hydrogen. 

CII*  CH'  nijw  C«H" 

EUusB.  Prajann.  BllMnn.  Beuiw. 

C1I*(0U)'  CHt(OH)'  CJ!'(OH)»  C*H»|OH)' 

Btliflsnis  dihj'ilnta  Glycsr}!  Irt-  KriUuila.  MuBlM. 

[glywl).  bydraW  (BlyaTln). 

By  oxidation  of  these  polyatomic  alcohols,  polyntomi(<  adds 
are  produced  which  hear  the  same  relation  to  the  former  tbt 
acetic  acid  bears  to  ordinary  alcohol. 

It  will  be  noticed  that  the  radicals  of  these  alcohols  are  un- 
saturated hydrocarbons,  that  U.  they  contain  less  hydrogen  tlun 
the  saturated  hydrocarbons,  C"H"''.  Of  these  radicals,  onl? 
those  can  exist  in  a  free  Btale  which  contain  an  even  numbM 
of  acums  of  hydrogen.  We  will  briefly  consider  the  mow 
important  of  them. 

ETHYLENE. 


This  gaa,  fonnerly  known  as  olcSant  gas  or  heavy  carbo- 
retted  hydrogen,  is  formed  in  a  great  tmmber  of  reactions.  It 
is  produced,  together  with  other  hydrocarbons,  when  substanni 
rich  ID  carbon  and  hydrogen,  such  as  fat^  and  resins,  are  de- 
composed by  dry  distillation,  that  is,  by  the  destructive  aedto 
of  hen  I. 

Freparatioa — It  is  obtained  in  the  laborsloiy  by  dchydni- 
ing  aluohol  by  a  lai^e  excess  of  sulphuric  acid.  Ordbarily,  t 
mixture  of  one  part  of  ulcuhol  and  i  parts  of  coneentrutcd  sot 
phuriu  acid  is  heated  in  a  fliuk  contaiuing  almost  enough  suii 
to  absorb  the  entire  liijuid.  The  gas  disengaged  is  passei 
through  a  wash-bottle  coutaining  potiuMium  hydrate,  and  mtj 
then  be  collected  over  water. 
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Towards  tlie  close  of  the  operation  the  liquid  blaekeus.  and 
much  sulphurous  and  carbonic  acid  gases  are  disengaged. 
These  are  absorbed  by  the  potassa  in  the  wash-bottle. 

The  following  equation  expresses  the  reaction  by  which 
ethylene  is  formed : 

CHH)  =  CH*  +  HH) 

Composition  and  Properties. — Ethylene  is  a  colorless  gas, 
having  a  feeble,  ethereal  odor.  Ita  density  is  0.9784  compared 
to  air,  or  14  compared  to  hydrogen. 

Its  composition  may  be  deduced  &om  the  following  experi- 
ment: 

2  volumes  of  ethylene  (2  cubic  centimetres,  for  example) 
and  6  volumes  of  oxygen  are  introduced  into  an  cudiomet-er 
over  mercury.  After  the  passage  of  the  spark,  the  8  volumes 
will  be  found  to  be  reduced  to  4  volumes,  all  of  which  will  be 
entirely  absorbed  if  a  solution  of  potassium  hydrate  be  passed 
into  the  tube.     The  4  volumes  are  therefore  carbon  dioxide. 

4  volumes  of  carbon  dioxide  represent  2C0'. 

2  volumes  of  ethylene  therefore  contain  C. 

4  volumes  of  carbon  dioxide  contain  but  4  of  the  6  volumes  of  oxygen 
employed;  the  other  two  have  therefore  been  used  in  the  formation  of 
water  and  have  burned  4  volumes  of  hydrogen. 

2  volumes  of  ethylene  then  contain  4  volumes  of  hydrogen. 

Eudiometric  analysis  therefore  indicates  the  composition  of 
ethylene  to  be 

CH*  =  2  volumes. 

This  gas  is  inflammabi:  and  burns  in  the  air  with  a  brill- 
iant flame.  When  mixed  with  three  volumes  of  oxygen  and 
ignited,  it  produces  a  violent  explosion. 

It  is  slowly  absorbed  by  concentrated  sulphuric  acid,  ethyl- 
sulphuric  acid  being  formed.  When  ethylene  is  heated  with 
hydriodic  acid,  the  two  bodies  combine  directly  to  form  ethyl 
iodide. 

If  one  volume  of  ethylene  and  two  volumes  of  chlorine  bo 
rapidly  mixed  in  a  tall  jar,  and  a  lighted  match  be  applied,  the 
mixture  takes  fire  and  bums  with  a  red  flame  extending  to  the 
bottom  of  the  jar,  which  becomes  covered  with  a  black  deposit 
of  carbon. 

CH*  +  2C1^  =  4HC1  +  e 

If  equal  volumes  of  ethylene  and  chlorine  be  mixed  and  ex- 
posed to  diffused  light  on  the  pneumatic  trough,  the  water  will 
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soon  rife  in  the  jar,  and  the  two  gases  will  disappear.  At  At 
same  time,  oily  drops  will  appear  on  the  sides  of  tlie  jnr  uid 
upon  the  surface  of  the  liquid.  The  body  sii  formed  is  a  liqniJ 
insoluble  in  water,  and  results  from  the  direct  combinai.ini)  nf 
ethylene  and  chlorine.  It  was  fonuerly  called  Dutch  Uquid, 
or  Ihilch  oil  (hence  the  old  name  olefiant  gas) ;  it  is  now  lallcd 
ethylene  chloride.  Its  raropositioD  is  expressed  by  the  formuli 
C'H'Cl'.     It  boils  at  S-i.b". 

If  a.  small  quantity  of  bromine  be  poured  into  a  large  fluli 
filled  with  ethylene,  and  luitnipukted  so  that  the  bromine  nuj 
form  a  thin  layer  on  the  sides  of  the  flask,  an  elevation  of  teiu- 
perature  will  be  observed,  aud  the  lii[uid  will  rxpidly  beoomo 
uolorlesa.  The  bromine  has  combined  with  the  elAylene  lo 
form  a.  colorless  liquid,  ethylene  bramidr,  boiling  at  131°. 

Ethylcae  indide,  C'H'P,  may  be  obtained  by  introdntim; 
iodine  into  lai^o  jars  filled  with  ethylene,  and  exposing  to  dif- 
fused light  during  several  days.  The  iodine  is  little  by  Uuk 
converted  into  a  solid,  white  body,  which  may  be  purified  bj 
crystull illation  in  ulcohol ;  it  is  ethyli^ne  iodide. 

CUoro-SeriTativea  of  Ethylene  and  Ethylene  Chlorids.— 

If  ethylene  chloride  be  heated  with  an  alcoholic  solnlion  of 
potassium  hydrate,  a  brisk  reaetion  soon  takes  plaoe.  A  pi 
is  disengaged  and  (nay  be  eoUeeted  over  water ;  on  conl»i* 
with  a  lighted  Ia[>or.  it  bums  with  a  flame  tinged  with  grtteii. 
Thb  gas  is  chloreOii/Uni\  It  is  formed  acwrding  to  this  Bil- 
lowing equation  : 

C'H'Cl"  +  KOH  ^  U'O  +  KCl  +  CH'Cl 

Like  ethylene  itself,  chlorcthylene  will  combine  directly  witb 
two  atoms  of  chlorine,  forming  chlorcthylene  chloride,  CrH'CL 
CI',  which  may  also  b«  obtained  by  the  action  of  chlorine  on 
ethylene  chloride. 

Chlorcthylene  chloride  is  decomposed  by  alcoholic  potaM, 
like  ethylene  chloride.  Water,  potassium  chloride,  and  diMtr- 
ethylene  arc  formed. 

CH'Cl'    +  KOH  ^  H'O  +  KCl  +     CHH?!' 

ChJarMlvlciis  cUoridi.  Dlchlonlhjlnn. 

In  its  turn,  diehloretbylene  can  fix  two  atoms  of  cUorist. 
forming  diehloretbylene  chloride. 

These  reactions  have  permitted  the  preparation  of  I 
classes  of  chloro-oompounds, — one  derived  from  ethylene  d 
ride,  the  other  from  ethylene  itself. 
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1.266  at  120 

82.60 

1.423  at  ir*" 

II60 

1.676  at  19<> 

187«» 

168® 

182« 

—18  to  — 160 

1.260  at  140 

86  to  40° 

87  to  88° 

2.610  at  20° 

116.7*» 

(?nHJf^  ethylene  chloride. 
C>H>CI>  ehlorethylene  chloride. 
C>HKn«  dichlorethylene  chloride. 
C>HC]ft  triohloretbylene  chloride. 
C*CI*      carbon  aeiqiiioliloride. 

CH^       ethylene. 
CSH*a  ehlorethylene. 
CUSCP  dichlorethylene. 
C>HCI*  triehloretbylene. 
CCl^      tetraohlorethylene. 

Regnanlt,  who  carefully  studied  these  bodies,  has  shown 
that  the  terms  of  the  first  series  are  isomeric  with  the  chloro- 
derivatives  of  ethjl  chloride,  with  the  exception  of  the  last 
two,  which  are  the  same  in  both  series. 

That  we  may  more  thoroughly  understand  this  isomerism, 

we  will  consider  ethylene  chloride,  CH*C1*,  and  its  isomeride 

dichlorethane,  called  also  ethylidene  chloride.      In  the  first, 

two  atoms  of  chlorine  are  united,  each  to  a  different  atom  of 

carbon ;  in  the  second,  both  are  united  to  the  same  carbon 

atom. 

CH«ci  cncp 

6h«ct  in* 

Ethylene  chloride.  Ethylidene  chloride. 

Tetrachlorethylene  was  discovered  by  Faraday  in  1821.  It 
is  formed  by  the  action  of  alcoholic  potassium  hydrate  on  tri- 
ehloretbylene chloride. 

CHCT  =  CCl*  +  HCl 

It  is  also  formed  by  the  action  of  a  red  heat  on  carbon 
sesquichloride. 

C«C1«  =  (?C1*  +  QV 

It  is  a  very  mobile  liquid,  which  does  not  solidify  at  — 18°. 
It  absorbs  chlorine  under  the  infiuenco  of  direct  sunlight,  being 
transformed  into  carbon  sesquichloride,  C^Cl*. 


HOMOLOGOUS   SERIES,  C"IP° 

Ethylene  is  the  first  member  of  a  rich  scries  of  homologues, 
of  which  we  will  summarily  describe  a  few  of  the  others.  It 
is,  however,  important  to  remark  that  since  ethylene  is  (CH*/, 
it  would  seem  that  the  constitution  of  the  superior  hydrocar- 


boDS  of  tbe  eeries  ahould  be  expressed  bj  the  fonnnlft  (CB')'. 
Thus  far  none  of  these  normal  hydrocarbona  have  been  isoUteJ. 
For  example,  normal  propylene,  CH'-CH'— CH'.  U  unkoowi. 
The  compound  CH*,  which  will  shortly  be  described,  is  u 
iaoraerido  uf  nurmid  prDuylene,  nnd  iU  eoDstitutioit  is  cxpre^eoj 
by  the  formula  CH'-CH-CH'.  It  absorbs  clilorine  diredlj, 
forming  the  chloride 

CH'-CHCI-CH'Cl 
Above   the    fourth  member  of  this  series,  butyleue,  tlM 
number  of  isomerides  iuercasea  rapidly.     Thu^  the  bot^tM 
derived  by  dehydration  from  butyl  alcohol  of  fermentolios  il 

0  the  following  reaction : 

Independently  of  this  butyleae,  there  or 
forroalion  and  prin:;ipal  properties  of  which 
farther  on. 

Their  constitutions  are  expressed  by  the  formulae 
Ce'-CH=CH-t^H' 
CH"-CH»-CH=CH» 

The  iBomeric  relations  of  these  three  butylenefi  may  be  repre- 
sented in  a  very  simple  manner  if  we  consider  them  to  be 
derived  from  ethylene,  H'C^CH*,  the  faydrD<!:en  of  which  « 
partly  replaced  by  methyl  or  ethyl.  The  following  compoUDila 
are  thus  obtained  i 


It  is  formed  according 


wo  othen,  . 
I  be  indiettcJ 


Bi?»» 


Dimtth;lQtb;IeD 
Dimelhylethjlen 
Etb.tlethjIeDii 


fl(<i« 


{CH»)>C=CB>,  boila  at  — ««. 
(CH>)IIC=CH(OH'),  boiMtt+r. 
(C'H')HC=CH'.  IwilJ.  M  — i". 


The  fifth  member  of  the  series,  nmy/cn^  or  peataie.  CB*. 
presents  still  more  numerous  isomendiw,  hnl  they  can  sil  he 
explained  by  the  principles  already  exposed:  they  may  be  re- 
garded as  derivatives  oi  ethylene  by  the  substitution  of  a  piu- 
pylic  or  isopropylic  (froup  for  one  atom  of  hydn^cn,  or  by  th« 
substitution  of  an  ethyl  group  and  a  methyl  group  for  two 
ktoma  of  hydrogen,  or  lastly,  by  the  subslitution  of  thrae  nutlyl 
groups  for  three  atoms  of  hyifrogen. 
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PROPYLENES. 
C»H« 

Qrdinaiy  Propylene,  CH*-CH=CH". — To  prepare  this  gas 
in  a  pure  state  Serthelot  and  de  Laca  heat  allyl  iodide  with 
mercury  and  oonoentrated  hydrochloric  acid. 

2C»H»I  +  4Hg  +  2HC1  =  Hg»Cl'  +  Hg*P  +  2(?H« 

It  may  also  be  made  by  allowing  propyl  alcohol  to  fall  drop 
by  drop  on  highly  heated  sine  chloride  (Le  Bel). 

Propylene  is  a  colorless  gas,  having  a  feeble,  alliaceous  odor. 
It  is  rapidly  absorbed  by  sulphuric  acid,  with  formation  of 
isopropylsulphuric  acid  (Berthelot). 

C»H«  +  H»SO*  ==  (^'^^^^*>S0* 

It  unites  directly  with  hydriodic  acid,  forming  an  iodide 
which  is  Lsomeric  with  propyl  iodide.  CH*  -|-  HI  =  (CIFj'I 

propylene  unites  directly  with  chlorine  and  bromine,  forming 
propylene  chloride,  C*H*CP,  and  propylene  bromide,  C^H*Br*. 
The  latter  is  a  colorless  liquid,  boilin«;  at  145^. 

CH» 

Vormal  Propylene  or  Trimethylene,  /   \     — A.  Freund 

CH»-CH' 
has  recently  isolated  normal  propylene  by  heating  with  sodium 
the  bromide,  CH*Br-CH'-CH«Br.  It  is  a  gas  which  is 
absorbed  by  bromine  more  slowly  than  ordinary  propylene,  the 
normal  bromide,  boiling  at  164-165^,  being  regenerated.  It 
combines  with  hydriodic  acid  forming  the  iodide  of  normal 
propyl,  CH*-CH*-CH'I.  Normal  propylene  bromide  is 
obtained  by  heating  allyl  bromide,  C^U^Br,  with  hydrobromic 
acid. 

CH«=rCH-CH«Br  +  HBr  =  CH*Br-CH«-CH«Br 

Alljl  bromidt.  Normal  propylene  bromide. 

It  is  a  colorless  liquid,  boiling  at  165°. 

BUTYLENES,  C*H». 

1.  Dimethylethylene  «,  (CIPVCCHl  — This  body  is 
formed  when  isobutyl  alcohol  is  dehydrated  by  zinc  chloride, 
or  by  the  action  of  alcoholic  potassium  hydrate  on  butyl  iodide, 
C*H*I.  It  boils  at  — 6° .  It  unites  directly  with  hydriodic  acid, 
forming  tertiary  butyl  iodide,  (CH*)^CI-CH',  and  combinee 


560  ELEMENTg  OF   MODERN    CBEUIBTSY. 

with  bromine,  forming  the  bromide  (CH')'CBr-CH'Bf,  wliicli 
boils  at  WJ". 

2.  Dimethylethylene  ,S,  (normal  or  symctric")  {CH')Ht 
CH(CU'J. — h  formed  bj  Ihc  artion  of  alcoholic  potasu  od 
secondary  butyl  iodide,  CEI'-CH'-CHI-^^H*.  Boils  at  43° 
and  Holidifies  lo  a  cr}-stalline  mass  at  0".  Unites  with  HI, 
regenerating  secondary  butyl  iodide,  and  with  bromine,  fonnioR 
the  bromide  (CH'jHBrC-CHBrl^CH*},  which  boils  at  159°. 

Le  Bel  and  Greene  have  obtained  normal  dimethylethyicM 
by  dropping  ordionry  isobnlyl  alcohol  on  highly  bested  nno 
chloride;  the  diitenga;ied  j^iBea  are  passed  through  broniM, 
and  the  bromides  of  (S  dimethyleihylene  and  ethjlelbjleDS— 
hoih  gaaea  are  produced  in  the  decomposition — separated  bj 
fractional  distillation. 

De  Luynea  obtained  secondary  butyl  iodide  by  rednclBg 
erythrite  with  a  large  eseeiss  of  bvdriodic  acid  (page  617)- 

3.  Ethylethylene  (othyl-vinyl),  (C'H>)HOCH'.— hob- 
tained  by  the  uction  of  sodium  on  a  mixture  of  ethyl  io^it 
and  brometbyleoe. 

C'HSI  +  BrHC=CH'  +  N»«  =  NbI  +  NsBr  +  (C«B»)HO=CH» 

Boiling-point,  — 5°.  It  unites  with  HI,  forming  secondwj 
butyl  iodide,  and  with  bromine,  forming  the  bromide  CB*- 
CH'-CHBr-CH'Br,  boiling  at  166°. 

AMYLENE3,  OK  PENTENES.  OH". 


Several  isomeric  hydrocarbons  are  known  of  the  compoaitioo 
OH".  They  esisl  in  uneqna)  proportions  in  the  product  of 
the  reaction  of  eine  ebloride  on  amyl  alcohol,  a  product  gen»r 
ally  desi^ated  as  anijlcne.  It  is  prepared  by  healing  unjl 
alcohol  with  ainc  chloride,  and  passing  the  vapors  given  off  into 
B  well-cooled  receiver.  The  product  is  rectified,  that  portion 
being  retained  which  passes  below  40°.  It  is  a  mixture  of 
isomeric  am ylenes,  whose  boiling-points  vary  from  22  to  W, 
and  (vbich  result  from  ihe  dcli  ydralion  of  amyl  alcohol. 

Trimethylethylene  or  ordinary  Amylene  may  be  obtained 
in  a  pure  state  by  delijdmting  tertiary  amyl  alcohol  (ike 
hydrate  of  amylene  of  Wurtc),  which  may  be  accomplished 
by  simply  heating  it. 

(OB>)tc(oa)-cH'-ce"  —  h»o  =   (CH']>c=cn(CH') 

It  boils  at  36°,  and  unite,^  direetJy  with  hj-driodic  acid,  form- 
ing tertiary  amyl  iodide,  (CH'/tll-CH'-CU',  boiling  td  129°. 
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When  bromine  is  poared  into  cooled  amylene,  the  addition 
of  each  drop  produces  a  hissing  noise,  indicating:  a  violent  reac- 
tion, and  the  product  is  a  liqaid  amjlene  bromide,  boiling  be- 
tween 170  and  180**.  If  the  operation  be  performed  upon  crude 
amjlene,  a  mixture  of  several  bromides  will  result.  Trimethyl- 
ethylene  yields  a  bromide  containing  (CH»/^Br-CHBr-CH«. 

Isopropylethyleiie  is  formed  by  the  action  of  alcoholic 
poUssiam  hydrate  on  amyl  iodide  (Flavitiky). 

^|J>CH-CHMJH«I  —  HI  =  ^2»>^^-^"=^^' 
Amyl  Iodide.  laopropjleth jlene. 

This  body  also  exists  in  small  quantity  in  the  mixture  of 
hydrocarbons  formed  by  the  action  of  zinc  chloride  on  amyl 
alcohol.  Boiling-point,  25^.  It  unites  with  hydriodic  acid, 
forming  a  seconckiy  iodide,  (CH»)*-.CH-CHI-CH»,  which  boils 
at  137-139^.  It  combines  with  bromine,  forming  the  bromide 
(CH»)*=CH-CHBr-CH«Br,  which  boils  between  180  and  190^ 

Propylethylene  or  Ethylallyl  may  be  obtained  by  heating 
with  sodium  a  mixture  of  allyl  iodide  and  ethyl  iodide. 

CH»-CHn  +  CH«»CH-CH«I  +  Na»  -  2NaI  +  CH»-CH«-CH«-CH-CH» 
Kthyl  iodide.  Alljl  iodide.  Ethylallyl. 

It  is  also  formed  by  the  action  of  zinc  ethyl  on  ethyl  iodide. 
It  boils  at  37^,  and  combines  with  hydriodic  acid,  forming  the 
iodide  (?H^-CHI-CH»,  boiling  at  144°.  It  combines  ener- 
getically with  bromine,  forming  a  bromide  CH^-CHBr-CH'Br, 
boiling  at  175°. 

Polymerides  of  Amylene. — By  the  action  of  zinc  chloride 
on  amvl  alcohol,  there  are  formed,  independently  of  amylene, 
other  hydrocarbons,  among  which  are  the  polymeric  modificii- 
tions  known  as  diamylene,  C*®H^ ;  triamylene,  C"H** ;  tetra- 
mylene,  C^H**  (Balard,  Bauer).  These  bodies  are  formed  by 
the  union  of  one,  two,  three,  or  four  molecules  of  amylene. 

HYDROCARBONS  OF  THE  SERIES  C"H»«-*. 

Among  the  more  simple  hydrocarbons  is  one  which  was  dis- 
covered by  E.  Davy,  and  which  Berthelot  has  recently  suc- 
ceeded in  preparing  by  various  processes.  It  is  acetylene,  and 
is  the  first  member  of  a  series  which  includes,  among  others, 
the  following  hydrocarbons : 

Acetylene      C»H«  (E.  Davy,  Berthelot). 
AHylene        CH*  (Sawitoch). 
Crotony'ene  C*1I«  ( E.  Carentou). 
^  Vftlerylene    C^H*  (Reboul). 
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ACBtyleno,  CH'  =  CH^CH. — This  gaa  ia  produced  by  lit 
incomplete  combuBtion  of  many  organic  subsUDcea  rich  in  tar- 
bon  (Berthelot). 

If  a  few  liropH  of  ether  be  poured  upon  the  surface  of  w 
ammoniacol  wlution  of  cuprous  chloride  contained  in  a  a*r- 
row  jar,  and  ita  vapor  be  ignited,  a  brownish-red  deposit  ul' 
ucetylenide  of  copper  vrUI  be  tbnued  and  maj  be  obeerred  on 
flowing  the  liquid  amund  on  the  sidee  of  the  jar.  This  re«.- 
tiou  in  charaeteriatic  of  aeetylene. 

This  gaa  may  be  formed  by  the  direct  anion  of  carbon  lunl 
hydri>gen,  as  discovered  by  Berthelot,  when  the  electric  arc  is 
passed  between  carbon  points  in  a  vessel  containing  pore  hydro- 
gen. At  the  high  temperature  of  the  arc,  the  hydn^en  cmn- 
binea  directly  with  the  carbon,  forming  acetylene. 

It  is  also  formed  when  monobromethylene  is  heated  with 
amylale  of  sodium  (the  sodium  compound  of  amyl  alcohol] 
(Sawitseh). 


Aeetylene  is  a  colorless  gas,  having  a  peculiar  and  dis^et- 
able  odor.  It  is  quite  soluble  in  water.  It  hums  with  a  brighl 
but  Miuoky  flame.  It  forma  two  compounds  with  bromine. » 
dibromidu,  C'H'Br',  and  a  tetrabromidf,  CH'Br*. 


M 


DIATOMIC  ALCOHOLS,  OR  GLYOO: 
The  name  glycols  was  given  by  Wurtz  to  the  dihydratefl<^ 
the  scries  of  hydrocarbons,  C"H'".     If  ordinary  aloohol  be 
ethyl  hydrate,  ordinary  glycol  is  ethylene  dihydrate. 


While  alcohol  reacts  witb  a  single  molecule  of  a  monobuic 
acid  to  form  a  neutral  ether,  glycol  can  react  with  either  one 
or  two  molecules  of  a  monobasic  acid,  thus  forming  two  ethen. 
In  other  words,  while  the  monatomic  alcohols  contain  but  one 
atom  of  hydrogen  which  ia  replaceable  by  a  single  radical  of  ■ 
monobasic  acid,  glycol  contains  in  the  two  groups  OH  two  nich 
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C«H«0« 

1.125                    197.5° 

C31|80» 

1.051             188-189° 

C*HWO» 

1.048             183-184° 

C*U»K)» 

0.987                    177® 

C6HiH)« 

0.9667                  207° 
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atoms  of  hjdrogeD,  eapable  of  being  replaced  by  two  radicals 
of  a  monobasic  acid,  or  one  radical  of  a  dibasic  acid. 

£thjl  acetate.  Xthylene  diaoetate.  Ethylene  suodnate. 

The  glycols  yield  diatomic  acids  by  oxidation. 
There  are  iftomerio  glycols,  or  uoglycols,  corresponding  to  the 
isoaloohols  which  have  already  been  defined  (page  507). 
A  number  of  glycols  of  the  series  C'H^^+'O*  are  now  known. 

Ethylene  gljcol,  or  glycol  .  .  . 
Propylene  glycol,  or  propylglycul  . 
Butylene  glycol,  or  butylglycol  . 
Amylene  glycol,  or  amylglyool  .  . 
Hexylene  {glycol,  or  hexylglycol  . 
Octylene  glycol,  or  ootylglyool  (Ph. 
de  Clermont) C«Hi«Oa 

It  is  to  be  remarked  that  all  of  the  members  of  the  above 
series  are  not,  strictly  speaking,  homologous. 

The  structure  of  the  latter  glycols  is  different  from  that 
of  ethylene  glycol ;  they  arc  uoglycoh.  The  propylglycol 
discovered  by  Wurtz  is  of  this  number.  Normal  propylglycol 
has  recently  been  discovered  by  G^romont,  and  obtained  in  a 
pure  state  by  Reboul. 

The  isomerism  of  the  glycols,  like  that  of  the  alcohols,  is 
due  to  the  constitutions  of  their  molecules,  which  can  contain, 
like  the  molecules  of  the  alcohols,  the  following  groups : 

The  primary  group     -CII^.OH 
The  secondary  group  =€H.OH 
The  tertiary  group        C.OH 

Thus,  ethylene  glycol  is  primary,  since  it  contains  two  groups, 
CH».OH. 

The  amylglycol  derived  from  trimethylethylene  is  at  the 
same  time  secondary  and  tertiary. 

Pinacone,  which  has  already  been  mentioned  (page  504),  is 
a  tertiary  glycol ;  it  contains  two  groups  -(C.OH). 

CH«.OH  Ch'>  ^-^^  CH»>  9*^^ 

iH«.OH  CH3-(|jH.0H  cil8>  ^'^^ 

Glycol.  Amylglycol.  Pinacone. 

(Secondary  and  tertiary.)  (Tertiary.) 

Among  the  mixed  glycols,  that  is,  those  containing  at  the 
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nine  time  two  differt'ot  Bicohotic  groups,  is  ordiaar;  prop;i- 
gljool,  which  ia  prioiury  and  secondary. 

CH'.OH  CH>  ^^^ 

hn'.on  CH'OH  ^^H 


GLYCOL,  OR  ETHYLENE  DIHYDBATE. 
C'HH)'=,C'H'(OH)' 

Wiirtz  first  obt^aed  glycol  by  cauiing  either  iodide  oi  bro- 
mide of  ethylene  to  re&ct  with  silver  acetate 

Pimi.  +  AgC"M'0»  (CiH'V'l^'^'O' 

aiinr  iHUIs.  XlhjrlMia  ill««UM. 

and  saponifying  the  resulting  ethylene  diu^tate  bj  p 

hydrate. 

Pt^^O } "''"''"  "^  ^^^^  ^  2(C>H»0.0S)  +  (C«H»j"|2„ 

Btb}ka<i  diuauts.  pMuiram  ■oMiIa.  GIjrtuL 

Atkiiuon  has  ahonn  that  the  silver  acetate  may  be  adran- 
tageoosly  replaced  by  an  alL-obolia  solution  of  potas^um  aw- 
tate.  Bromide  of  ethylene  reacts  with  the  latter  salt,  funains 
potnssium  bromide,  whieh  is  almost  insoluble  in  aloohd,  ana 
ethylene  acetute  which  ia  atWwnrd;)  decomposed  by  caustic 
potiLssa  or  caustiu  baryta. 

Another  process  has  been  recently  proposed  by  Hiifner  ami 
Zoller.  188  grammes  of  ethylene  bromide,  138  gnLmmt«of 
potassium  carbonate  and  1  litre  of  water  ore  introduced  into  > 
large  flask  cooaected  with  a  reversed  condenser,  and  the  mix- 
ture is  boiled  until  all  of  the  ethylene  bromide  has  disappear^' 
The  aqueous  liquid  ia  then  ooncentnited  on  a  wattr-lMith,  and 
alcohol  is  added  to  precipitate  the  potassium  bromide;  the 
alcoholic  lii|uid  is  then  distilled.  Alcohol  and  wat«r  first  pft» 
and  whi;n  the  Itimperature  rises  above  160°,  the  liquid  whirfi 
condenses  is  nearly  pure  glycol. 

fn^Brtiej, — Glycol  is  a  somewhat  syrupy,  colorless,  tnd 
•m  liquid,  having  a  sweet  taste.  It  mixes  with  water  »ai 
>!  in  all  proportions,  but  is  scarcely  soluble  in  ether,  II 
at  137.5°,  and  distils  without  alteration. 
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Its  aoalogy  to  aloobol,  from  wbiohii  differs  by  oontaiDJDg 
one  more  atom  of  oxygen,  is  demonstrated  by  tbe  following 
experiments  : 

1.  If  platinum  black  be  moistened  witb  glycol  and  then 
rapidly  plunged  into  a  jar  of  oxygen,  a  brilliant  incandes- 
cence is  manifested  immediately,  due  to  tbe  energetic  absorp- 
tion of  oxygen. 

Witb  diluto  glycol,  tbe  oxidation  is  slower,  and  glycollic  acid 
is  formed. 

CH«.OH  CH«.OH 

fcH«.OH   +     ^  -    60.OH    +    H'O 
Gljcol.  Glycollic  acid. 

2.  If  glycol  be  heated  with  ordinary  nitric  acid,  torrents  of 
red  vapor  are  disengaged,  and  the  liquid  deposits  crystals  of 
oxalic  acid  on  cooling. 

CH«.OH  CO.OH 

6h..0H   +  20«  =   i^o^,!   +  2H»0 
Glycol.  Oxalic  add. 

3.  When  glycol  is  heated  with  potassium  hydrate  to  250^, 
pure  hydrogen  is  disengaged  and  potassium  oxalate  is  formed. 

CHHy  +  2K0H    ^   COK''   +   4H» 

Glycol.  Potassium  uxaUt«. 

These  experiments  establish  between  glycol  and  glycollic  and 
oxalic  acids,  relations  analogous  to  those  which  exist  between 
alcohol  and  acetic  acid. 

Ethylene  Chlorhydrate,  or  Ethylenic  Chlorhydrin. — 
When  hydrochloric  acid  gas  Is  passed  into  glycol,  a  neutral 
compound  is  formed  which  constitutes  the  monochlorhydrin 
of  glycol^  or  ethylene  chlorhydrate. 

^^*<0H    +    H^   =   ^n*<cr    +    "'^ 

Glycol.  Ethylene  chlorhydrate. 

This  compound  is  intermediate  between  glycol  and  ethylene 
chloride,  which  is  the  dichlorhydrin  of  glycol. 

c»H4<2g  cm4<^«  c^"*<ci 

Olycol.  Monocblorhydrin  of  Dtchlorhydrin  of  glycol 

glycol.  (ethylene  chloride). 

Ethylene  chlorhydrate  is  also  formed  by  the  direct  union  of 
ethylene  gas  and  hypochlorous  acid  (Carius). 

(?H*  +  HCIO  =z  CIPCIO 
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It  ia  a  ooferleM  liqnifl,  bmng  a  deiMi^  of  1^  tl  8®.   It 

boilB  at  130-131^ 

Ethylene  bramhydrafe,  or  eif^lenic  hromhydrin,  is  fbnned 
ttnder  circumstances  analogous  to  those  which  fiimish  the 
ohlorhjdrate.     It  is  a  thiok,  colorleBB  liquid,  boiling  at  147^. 

Bthylema  Vitratet. — By  -the  reaction  of  ethylene  brom- 
hydrate  on  silver  nitrate,  at  ordinary  temperatures  or  by  the 

aid  of  gentle  heat,  ethylene  mononitrate,  CH*<Qa     /^ 

obtained  as  a  colorless  or  slightly  yellow  liquid,  which  is  sol- 
uble in  water.     Density  at  11®,  1.31. 

Ethylene  dinitrate,  C'H*<;q\tq„  is  formed  by  the  action 

of  ethylene  bromide  on  an  alcoholic  solution  of  silver  nitrate. 
It  is  a  mobile,  colorless  liquid,  insoluble  in  water.  Bensi^  at 
8°,  1.4837.     It  explodes  by  percussion  (Henry). 

Ethylene  Acetates. — When  glycol  is  heated  with  acetic 
acid,  it  is  converted  into  acetic  ethers. 

C^II*<22      +     C«H»O.OH    =     C«H*<^^"'^     +     H«0 

Acetic  acid.  Ethylene  monacetato. 

^"*<on    "^   2(c«H>o.oii)   =  ^*H*<^;^2J^   +   2H«o 

Acetic  acid.  Ethylene  diacet^. 

Ethylene  monacctate,  or  monaeetic  glycol,  is  a  liquid  rm^ 
cible  with  water  and  alcohol,  and  boiling  at  182°. 

Ethylene  diacetate,  or  diacetic  glycol,  can  be  prepared  by  the 
reaction  of  ethylene  iodide  on  silver  acetate.  It  is  a  colorless 
liquid,  soluble  in  7  parts  of  water;  it  boils  at  186°. 

It  is  thus  seen  that  two  neutral  ethereal  compounds  caD  be 
formed  by  the  action  of  one  and  the  same  monobasic  acid  on 
glycol,  while  the  monatomic  alcohols  would  furnish  but  a  single 
compound  ether  under  the  same  circumstances. 


ETHYLENE  OXIDE. 

c«nH)=o<^^, 

If  an  excess  of  pota.ssium  hydrate  be  added  to  ethylene 
chlorhydrat^  contain(?d  in  a  test-tube,  and  a  gentle  heat  be 
applied,  a  brisk  effe^^x»scence  will  take  place,  due  to  a  difr 
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engagement  of  vapor  which  maj  be  ignited  at  the  mouth  of 
the  tnbe. 

At  a  low  temperature^  this  vapor  condenses  to  a  colorless 
liquid,  which  is  ethylene  oxide. 

CmClO       =       C'H*0       +       HCl 

Kthylene  chlorhydrate.         Ethylene  oxide. 

Ethylene  oxide  has  the  composition  of  glycol,  less  the  ele- 
ments of  one  molecule  of  water. 

C»H*0  =  CWO'  —  H^O 

However,  it  cannot  be  obtained  by  direct  dehydration  of 
glycol,  for  when  that  body  is  distilled  with  zinc  chloride, 
among  other  products,  aldehyde,  which  is  isomeric  with  ethyl- 
ene oxide,  is  obtained. 

Greene  has  obtained  ethylene  oxide  by  double  decomposi- 
tion, by  heating  ethylene  bromide  with  anhydrous  sodium 
oxide. 

C'H^BP  +  Na'O  =  C^H*0  +  2NaBr 

Properties. — Ethylene  oxide  boils  at  13.5°.  It  dissolves 
in  all  proportions  in  water,  alcohol,  and  ether.  Under  the 
influence  of  sodium  amalgam  and  water,  it  Axes  hydrogen 
directly,  being  transformed  into  alcohol. 

C»U*0  +  H^  =  C^H«0 

It  combines  directly  with  water  at  100*^,  regenerating  glycol. 

C*H*0  +  U^O  =  cm'O' 

It  possesses  basic  properties. 

If  equal  volumes  of  hydrochloric  gas  and  vapor  of  etliyleno 
oxide  be  mixed  over  the  mercury-trough  (the  mercury  should 
be  slightly  warmed)  the  two  ga.ses  will  disappear ;  they  combine 
to  form  a  liquid  which  is  ethylene  chlorhyclrate. 

CH^O  +  HCl  =  CUPCIO 

If  liquid  ethylene  oxide  be  added  to  a  cooled  solution  of 
magnesium  chloride,  an  abundant  j)recipitate  of  magnesium 
hydrate  will  be  formed  in  the  course  of  a  day,  and  the  licjuid 
Will  contain  ethylene  chlorhydrate.  Oxide  of  ethylene  precipi- 
tates magnesia  as  would  a  powerful  ba.se  ( A.  Wurtz). 

If  a  fiigment  of  zinc  chloride  be  allowed  to  fall  into  ethylene 
oxide,  the  latter  soon  undergoes  a  curious,  polymeric  change, 
and  becomes  solid  (A.  Wurtz). 

Bases  Derived  from  Ethylene  Oxide. — Oxide  of  ethylene 
combines  with  ammonia,  yielding  a  series  of  bases,  the  hydrox- 


hj  the  dired  vnioiiof  om, 
of  e^jkne  oxide  with  one  molecnie  of 


C*H«.OH  ) 
C*H«.OH  >  X 


C»H*.OH  ) 
C*H*.OH  V  N 
C«H*.OH ) 
TrihjdrozethytoDttaiBt. 


ako  luwed  bj  the  aodon  of  ammonia  on 


CSH«.OH  ) 

«  HVN     +     HCl 

hJ 

Wh»  Mhjfeoe  chloriivdrate  is  treated  with  trimethjlamine. 
the  bodies  combine.  £»miii^  a  chloride. 


a 


SXJSP*    +     c«H*<2|^ 


OiH*.OH  )  J,  CI 


When  this  chkxide  is  treated  with  water  and  silver  oxide, 
it  is  «>>nTerted  into  a  hTdrate. 

This  hTdnte  is  neunne,  an  energetic  natural  base  which 
exists  in  the  bile  y^choline  •  and  which  is  also  a  product  of  the 
d^vm[xic>itiun  of  a  complex  substance,  lecifhine,  which  existe 
in  the  brain,  in  the  nerves,  and  in  the  yolk  of  eggs. 


ACETAL. 

We  may  conceive  of  the  existence  of  a  glycol  isomeric  with 
that  which  has  been  described,  and  bearing  the  same  rdatioitf 
to  the  latter  that  aldehyde  has  to  ethylene  oxide. 


OH.  >« 
KthyleD*  oxide. 

CH».OH 

CH».OH 

Ethylene  glyooL 


CH» 

CHO 
Aldehyde. 

CH» 


CCP 
CH<OH 


Ethylidene  glycol.         Chloral  hydimto. 

Just  as  glycol  is  formed  by  the  hydration  of  ethylene  oxide, 
ethylidene  glycol  should  be  formed  by  the  hydration  of  alde- 
hyde. Indeed,  on  contact  with  water  aldehyde  becomes  heated, 
and  doubtless  is  converted  into  the  glyoof  in  qaestton,  which 
18,  however,  too  unstable  to  be  iaolat^.    In  generalf  aO  eonn* 
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pounds  which  coDtain  two  hjdroxjl  groups  in  oombinatioD 
with  the  same  carbon  atom  are  quite  unstable,  and  readilj 
decompose,  giving  up  a  molecule  of  water.  It  is  so  with 
chloral  hjdrate,  which  must  be  considered  as  a  trichlor-deriva- 
tive  of  ethjlidene  glycol.  The  latter  is  at  once  resolved  into 
aldehyde  and  water,  but  its  methyl  and  ethyl  derivatives  are 
stable,  and  have  long  been  known  under  the  names  dimethyl' 
ucetal  and  acetal. 

CH»  CH» 

A„^OCH»  J^ii^O(?E' 

Dlmetbjlao0taL  Ac«tal. 

Dimethylaoetal  is  produced  when  a  mixture  of  methyl  and 
ethyl  alcohols  is  oxidised  by  sulphuric  acid  and  manganese 
dioxide.     It  boils  at  64^,  and  much  resembles  acetal. 

Acetal. — This  compound  was  discovered  by  Liebig.  It 
exists  in  the  more  volatile  portions  of  the  product  of  the  dis- 
tillation of  crude  alcohol.  It  is  formed  synthetically  when 
alcohol  is  heated  to  160^  with  aldehyde,  and  also  by  the  action 
of  sodium  ethylate  on  monochlorether. 

^**'<O.CH»  +  C'H'ONa  =  NaCl  +  C'H'<0C'h' 

Monochlor«th«r.  Acetal. 

It  is  found  among  the  products  of  the  oxidation  of  alcohol. 

Properties. — Acetal  b  an  ethereal  liquid,  having  a  peculiar, 
agreeable  odor,  insoluble  in  water.  Its  density  at  20^  is  0.821. 
It  boils  at  104^.  Chlorine  converts  it  into  substitution  com- 
pounds. 

ETHYLENE-DIAMINES. 

These  bases  result  from  the  substitution  of  one,  two,  or  three 
ethylene  groups,  ((?H*)",  each  for  two  atoms  of  hydrogen  in 
two  molecules  of  ammonia. 

They  are  formed  by  the  reaction  of  an  alcoholic  solution  of 
ammonia  on  ethylene  bromide  at  ordinary  temperatures. 

C«H*Br«     +     2NH»    =     C2H«fNII«)2.2nBr 

Ethylene-diamine 
hydrobromide. 

CH«-NH«  frC»H*)" 

Ethylene-diamine,  ^iia_jjj,,  =N'  j  h*        is  a  liquid  base, 

boiling  at  123®.  By  the  prolonged  action  of  an  excess  of 
ethylene  bromide,  it  is  converted  successively  into  diethylene- 
diamine  and  triethyhne-diamine. 
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f(C«H<)"                    f(0«H<)"  f(C«H*)" 

N»  ^  IP                       N«  ^  (C«H*)"  N«  i  (C»H*)" 

(H»                             (IP  ((C«H*)" 

Xthylene-dlamlne.  Dietbylene-dlamine.  TriethyletM-di&mine. 

Diethylene-diamine  boils  at  170®,  and  triethylene-diamine  at 
210®.  They  are  liquids.  The  ethlylene-diamines  are  diaeid, 
that  is,  they  combine  with  two  molecules  of  a  monatomic  add, 
such  as  hydrochloric  or  hydrobromic  acid  (Hofinann). 

ISETHIONIC  ACID. 

This  acid,  which  has  long  been  known,  attaches  to  the  ethy- 
lene derivadves.  Oxide  of  ethylene  unites  directly  with  sodium 
acid-sulphite  (bisulphite),  forming  sodium  isethionate. 

Sodium  i0ethionat«. 

The  same  salt  is  formed  when  ethylene  chlorhydrate  is  heated 
with  neutral  sodium  sulphite. 

Isctliionic  acid  may  also  be  obtained  by  passing  the  vapor  of 
sulphuric  anhydride  into  cold  absolute  alcohol  or  ether:  the 
liquid  is  then  mixed  with  four  times  its  volume  of  water,  and 
boiled  fur  severid  hours,  after  which  it  is  neutralized  with 
barium  carbonate.  The  filtered  liquid  contains  barium  isethi- 
onate, which,  when  exactly  decomposed  by  sulphuric  acid,  fiir- 
nis^hes  isethiunic  acid. 

Isetli ionic  acid  is  a  sour  liquid  which  cannot  be  entirely 
deprived  of  water  without  decomposition.  Its  salts  arc  very 
stable.  It  is  isomeric  with  ethylsulphuric  acid.  Phosphorus 
pentachlorido  transforms  it  into  a  chloride. 

<^-^l*<^^0Z0K  +  2PCI5   _^  ^''H<<^|)2.ci  +  HCl  +  KCl  +  2P0C1* 

Potawiuin  iKOthiunate.  Cblurethylsulphuroos 

cliloride. 

The  latter  Iwdy  is  a  liquid,  boiling  at  120®  ;  it  is  decomposed 
by  the  action  of  water  at  100°,  into  chlorethylsulphurous  acid 
and  hydrochloric  acid. 

GhloivUijIivilplionNH  add. 
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TAURINE. 

C'H^NSO* 

This  important  acid,  whose  existence  in  the  bile  was  dis- 
covered by  Gmelin  in  1824,  is  related  to  isethionic  acid ;  it  is 
amtdo-xsethionic  acid,  that  is,  it  is  derived  irom  the  latter  acid 
by  the  substitution  of  a  group  NH'  for  a  group  OH.  It  may 
be  obtained  by  synthesis  by  the  action  of  ammonia  on  chlor- 
ethylsulphurous  acid  or  on  silver  chlorethylsulphite.  The  fol- 
lowing formulaa  indicate  the  relations  between  isethionic  and 
chlorethylsulphurous  acids  and  taurine : 

^^'<SO«.OH  ^"*<SO».OH  ^"*<S02.0H 

Isethionic  acid.  Chlorethylsulphiirons  acid.  Taurina. 

Taurine  crystallizes  in  large,  brilliant,  oblique  rhombic  prisms, 
very  soluble  in  boiling  water  and  but  slightly  soluble  in  cold 
water.  When  the  crystals  are  heated  they  melt,  and  decompose 
at  an  elevated  temperature. 

Strecker  has  obtained  an  isomeride  of  taurine  by  heating 
ammonium  isethionate. 

Ammoniam  iaethioDate.  iHethionamide. 

PROPYLGLYCOLS. 
C»H«(OH)« 

Normal  propylglycol  (page  522)  has  been  obtained  from 
normal  propylene  bromide  (page  518).  This  bromide  is  mixed 
with  acetic  acid  and  heated  with  silver  acetate :  propylene  di- 
acetate  is  formed,  (?H'(C'H'0^)'^,  and  separated  by  distillation, 
after  which  it  is  decomposed  by  a  quantity  of  dry  potassium 
hydrate  just  sufficient  to  remove  it.s  acetic  acid. 

Normal  propylglycol  is  a  colorless,  syrupy  liquid,  boiling  at 
216°,  and  having  a  density  of  1.0652  at  0°.  It  is  miseible 
with  water  and  alcohol  in  all  proportions.  When  oxidized,  it 
yields  hydracrylic  acid  (G^Tomont,  Reboul). 

Ordinary  propylglycol  is  prepared  from  ordinary  propylene 
bromide  by  the  same  process  indicated  above.  It  is  a  thick, 
colorless  liquid,  having  a  density  of  1.051  at  0°.  It  boils  at 
188-189®.  When  diluted  with  water  and  mixed  with  plati- 
num black,  it  absorbs  oxygen,  and  is  converted  into  lactic  add 
(A.  Wurtz) 
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GLYCERIN. 

C»H80»  =  C»Hft(OH)» 

Glycerin  was  discovered  by  Scheele  in  1783,  and  studied  by 
Chevreul,  Pelouze,  and  especially  by  Berthdot,  who  demon- 
strated its  character  of  a  triatomic  aloohoL 

Pelouze  and  G^lis  realized  the  first  artificial  fonnaiion  of  a 
fatty  body  by  passing  hydrochloric  acid  gas  into  a  mixture  of 
butyric  acid  and  glycerin :  butyrin  was  thus  produced. 

Preparation. — Glycerin  is  an  accessory  product  in  the  man- 
ufacture of  lead  plaster.  When  the  preparation  of  that  sub- 
stance is  terminated,  the  water  is  decanted  from  the  lead  soap 
which  separates,  and  hydrogen  sulphide  is  passed  through  the 
liquid  in  order  to  precipitate  as  sulphide  any  traces  of  lead  that 
may  be  dissolved.  It  is  then  filtered  and  evaporated  on  a 
water-bath.    The  glycerin  remains  as  a  colorless,  syrupy  liquid. 

It  is  obtained  in  large  quantities  in  the  arts  as  an  accessory 
product  in  the  manufacture  of  stearin  candles. 

Properties. — Glycerin  is  a  colorless  liquid,  having  a  syrupy 
consistence  and  a  sweet  taste.  Its  denstity  at  15^  is  1.28.  It 
dissolves  in  all  proportions  in  water  and  alcohol,  but  is  almost 
insoluble  in  ether.  When  quickly  heated,  it  distils  between 
275  and  280°  ;  and  it  may  be  readily  distilled  in  a  vacuum. 

Pure  glycerin  is  crystallizable,  and  solidifies  below  0°,  but 
solid  glycerin  melts  only  at  7  or  8°  (Gladstone). 

When  subjected  to  the  action  of  dilute  nitric  acid,  glycerin 
is  converted  into  a  triatomic  acid,  which  is  called  glyceric  acid 
(Debus,  Socoloff). 

CW(y  +  0'  =  H«0  -f  {?H«0* 

Glycerin.  Glyceric  ftcid. 

When  heated  with  phosphorus  iodide,  P*I*,  glycerin  is  con- 
verted into  allyl  iodide  (Berthelot  and  de  Luca)  (page  515). 

ETHERS  OF  GLYCERIN. 

Glycerin,  C'H*(OII)',  which  contains  three  groups  OH,  cm 
form  three  classes  of  ethers  by  the  substitution  of  one,  two,  or 
three  monobasic  acid  radicab  for  as  many  atoms  of  hydrogen 
in  these  hydroxyl  groups.  If  acetic  acid  be  heated  witb 
glycerin,  according  to  the  proportions  of  the  mixture,  three 
ai£ferent  acetic  ethers  of  glycerin  may  be  obtained,  ethers  which 
Berthelot  has  designated  as  ocetinM, 


OLYOBBI5. 

„      (OH 

,„     fCCHK) 

C»H»O.0H  +  {?H«J0H 

H«0   +   C'H'JOH 

loll 

(oh 

-„    (OH 

„.  fo.nii'o 

:CH»0.0«)+CH»l0H 

2U«0  +  C'I1»J  O.C'HH) 

I  nil 

,..    (OR 

;CH>O.OH)  *  C'U'JOH 

3ii"o  +  c*ji'Jo!cu»n 

(oil 

(  O.l^lM 
TrUcfliii. 

In  tbe  same  manner,  by  tbe  aL-tino  of  the  hydracids  upon  y 
glycerin,  neutral  cumbiDatinns  an?  fonucd,  analogouB  U>  tha  i 
chlorides  itf  the  radicals  C°H'°*',  as  well  as  to  the  difhlo-  \ 
ride  of  ethylene  and  to  ethylene  uhlnrhydrate.  TTicBe  e< 
pnanils  axt-  funned  by  the  substitution  of  one,  twi),  or  throe  I 
■lotns  of  chlorine  or  bromine  for  its  mnny  hydroxyl  groups  in  1 


SHfl     =      CHM  CI   + 

loll 


Dldilurtiyilr 

le  Etheri  of  Olyoerin,  or  ChlorliydriiLB- 


■m  two  nionochlorhydrins,  two  dichlorhydrii 
chlorhydrin. 

Moaochlnrhydrin*. — The  two  monoohlorhjdrioB  have  been 
studied  by  Ilanriot,  and  differ  by  the  positiou  of  the  ohloriae 
atom. 

OHt.CI  Cn'  OH 

CH.OII  CH.CI 

CH'.OH  till' on 

■  monoclilurhTdliit.  0  moniKhUirbj'ilila. 

<i  monochlorhydrin,  obtained  by  Berthelot  by  the  action  of 
hydrochloric  actd  on  glycerin,  ia  a  thick,  colorlevs  liquid, 
soluble  ill  water,  alcohol,  and  ether,  atid  boiln  at  213°  (Han- 
riot).  Density,  1.338.  fi  monochlorhydrin  has  been  obtained 
t^  the  direct  union  of  hypochloroua  acid  and  allyl  alcohol. 


CH' 


CU'.0H 
HCIO    -    CJI.Cl 
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Its  deDsiibj  at  W  is  1.328,  and  it  boib  at  230-235''. 
Dichlorhydrins, — The  isomerism  of  the  diohlorhydrins  is 
analogous  to  that  of  the  monochlorhjdrins. 


0H*.C1 

OH*.OH 

6h.oh 

6h.ci 

<iH«.Cl 

iH«.Cl 

diohlorhydrln. 

^dlQlllorllJdllB. 

Both  are  formed,  the  first  in  larger  qaantltj,  when  gljoerin 
is  heated  with  a  large  excess  of  hydrochloric  acid. 

Pure  a  dichlorhydrin  is  prepared  bj  treating  epiohlorhydrin 
(see  farther  on)  with  hydrochloric  acid. 

CHS.Cl  CH'.Cl 

CH   >^        +    HCl    -      6h.0H 

Epicblm-hjdrio.  « dlchlorlijdrlii. 

It  is  a  liquid  of  an  ethereal  odor,  slightly  soluble  in  water. 
Its  density  at  0°  is  1.3835,  and  it  boils  at  172-173^  When 
heated  with  a  large  excess  of  hydriodic  acid,  it  is  converted 
into  isopropyl  iodide. 

fi  dichlorhydrin  is  formed  by  the  action  of  chlorine  on  sllyl 
alcohol,  or  that  of  hypochlorous  acid  on  allyl  chloride. 


CH« 

CH«.OH 

II 

CH      + 

HCIO 

-    (Sh.ci 

CH».C1 

AH«.a 

Allyl  chloride. 

^  dtohlorfajdiin. 

Its  density  at  0°  is  1.371,  and  it  boils  at  182-183®.  Con- 
centrated potassium  hydrate  converts  it,  like  its  isomeride,  into 
epiohlorhydrin. 

Tnchlorhydrin, — When  dichlorhydrin  is  heated  with  phos- 
phorus pcntachloride,  the  last  hydroxyl  group  is  replaced  bj 
chlorine ;  trichlorhydrin  is  thus  obtained  (Berthelot). 

rci  ra 

0»H*  \  Cl    +  PC16  -  C'H*  \  Cl  +  P0C1»  +  HCl 
OH  ( Cl 

Dichlorhydrin.  Tricblortiydrin. 

It  is  a  liquid,  boiling;  at  about  1 55°. 
Epichlorkydrin, — When  dichlorhydrin  is  treated  with  a  oon* 
centrated  solution  of  potassium  hydrate,  the  elements  of  hydro- 
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chloric  add  are  removed,  and  a  body  is  obtained  which  Benhe- 
Jot  has  named  ep'icklorhi/drin. 

CH'CI 

c'ii'ci>(OH)  --  HCi  -  cH'cio  -  ha  - 

Wchlorhjdria.  KKchlarbxilrlii. 

£pich]orhjdriQ  is  u  mobile  liquid,  heavier  thao  water,  and 
having  an  agreeable,  ethereal  odor.  Its  taste  is  at  firet  sweet, 
afterwards  ahurp  and  burning.  It  buiU  at  118-119°.  It  ia 
soluble  Id  all  pruporlions  id  alcuhul  uud  ether,  but  not  id  water. 

It  combioea  direct!;  with  hydrochloric  acid,  regenerating 
dichlorhydrin.  When  heated  tur  a  long  time  with  water,  it 
combiDea  with  one  molecule  of  that  liquid,  forming  monochlor- 
hjdrin. 

CH'CIO  +  H=0  =  C™H'>Cl(On)' 

Tribromhydrin.  or  AUyl  Tribromide,  CH'Br"  =  CH'Br^ 

CHBr-CH'Br.— This  com  pound  is  obtained  by  adding  1.5  parts 

uf  bromine  to  one  part  of  cooled  allyl  iodide.    Iodine  separates, 

and  the  liquid  is  washed  with  potassium  hydrate  and  distilled. 

en^I  -\-  3Br  ^  C'H'Br'  +  I 

Allyl  tribromide  crystallizes  in  brilliant  colorless  prisms,  fusi- 
ble at  16°.     It  boils  at  219-220°. 

Olycide. — When  a  monochlorhy drill  ut  treated  with  baryta 
and  anhydrous  ether,  it  loses  the  elements  of  hydrochloric  aud, 
ud  b  coDvertcd  into  glycidc  (Hanriot). 

CH.on  =         CH  -^       +       HCl 

CH'.OH  ^H'.OH 

UDOachlorhrJrlD.  OJjdde. 

Glyoide  is  a  mobile  liquid,  boiling  at  157°.     Its  density  at 
0°  ia  1.165.     Water  dissolTcs  it,  regenerating  glycerin. 
CH^O.OH  -I-  H'O  =  C'H'lOH)' 

Trinitrofflyceriii,  or  Allyl  Trinitrate. — When  glycerin  is 
poured  drop  by  drop  into  a  mixture  of  cuucentrated  nitric  and 
sulphuric  acids,  cooled  in  n  yesaci  of  cold  water,  oily  drops  of 
trinilroglyceriii,  CH'(O-NO')*,  are  precipitated.  It  is  a  yel- 
lowish oil,  insoluble  in  water,  and  explodes  with  great  violence 
by  percussion,  by  heat,  or  Bometimes  even  spontaneously. 

On  account  of  this  property,  nitroglycerin  is  employed  as  an 
explosive;  bnt  it  is  generally  incorporated  with  inert  matter, 
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lely-dividcd  silica.  Such  mixtnres  &re  called  d^a- 
.  The  niauut'acture  ol' nitroglyceriu  is  usually  conducted  in 
woodcD  structures  which  are  partly  uodergrouud,  and  remnved 
from  exposure  (o  intluences  whicli  might  cause  the  explwioo 
or  the  product.  The  explosive  force  of  the  compound  is  more 
than  sis  times  as  great  as  that  of  an  equal  quuntitj  of  gun- 
powder, and  nitroglycerin  produces  eflccrs  equal  to  those  of 
powder  with  an  economy  of  about  thirty  per  cent.  Its  explosiun 
Ih  too  violent  to  permit  its  use  in  fire-arms,  but  it  is  well  iidapi^d 
to  blasiiu^  operations.  Curioui-ly  cuough,  while  a  drop  of  nitro- 
glycerin placed  on  an  anvil  und  struck  wiifa  a  hammer  expliide« 
with  a  luud  report,  the  same  drop  would  burn  quietly  if  broo^ht 

Other  Qlyoerin  Ethers. — Berthelot  has  obtained  &  nninber 
of  friycerin  ethers  by  directly  healing  glycerin  with  acids. 
Wheu  the  reaction  is  terminated  (it  is  oHen  very  slow),  be  nt- 
urates  the  excess  of  acid  with  calcium  liydrate,  und  extracts  ib(^ 
neutral  falty  body,  that  is,  the  ether  of  glycerin,  with  ether. 
In  this  manner  he  has  formed  a.  certain  number  of  Dataril 
fatty  bodies  by  combiuing  their  acids  with  glycerin. 


NATURAL   FATTy   BODIES. 

The  fats  encountered  in  nature  are  ylyceruf'-.x,  that  is,  etlicr" 

of  glycerin.     The,  Biemorahle  rMearches  of   C'hevreul  hs»« 


I  that  'whi 
difftront  solvents,  ' 
of  which  the  raost 

They  are  the  tristti 
glycerin. 

f  O.Cisu»0 

CHS  J  O.Ci»H"0 
{  O.Ci'H''0 


fats   are    methodically  trea(«d  with 
immediate  principles  arc  separal«<t. 
n  are  stearin,  marguin,  ajid  olein. 
!,  iriniargaric,  and  trioleic  ethers  of 


fO.C"lP'o 

C»H»  i  0.0"H»0 

t  O.C"ll»0 


(■OC"H»0 
CIP  \  O.C''il»0 

I  O.C"H»0 


When  these  glycerin  ethers  are  subjected  to  the  aetiun  of 
alkalies,  lime,  or  oxide  of  lead,  in  presence  of  boiling  water, 
they  are  decomposed,  absorbing  at  the  same  time  the  elemeni'' 
of  water :  glycerin  and  the  acid  are  set  free,  and  the  Utter 
combines  with  the  base  formin";  a  soap  (see  pa^  578).  Thiw. 
when  atcarin  Ls  boiled  with  milk  of  lime,  calcium  atearate  anil 
glycerin  are  formed.  When  olein  ia  heal«d  with  watai  ud 
litharge,  it  yielda  lead  oleate  and  glycerin. 

Most  of  the  natural  futs  arc  mixtures  of  theae  i 


In  various  pmportinns,  and  to  the  number  wo  may  add  Iri- 
paltnitia. 

Stearin,  margarin,  and  p&lraitin  arc  solids,  olein  in  liquid. 
In  the  /fU«,  the  solid  principles  predominate ;  the  oil*  contain 
a  lai^r  proportion  of  olein. 

Stt'iria  b  extracted  from  tallow.  That  substance  is  dissolved 
in  boiJin":  ether  and  made  to  crystallize.  The  crystals  are 
pressed,  and  the  operation  is  repeated  with  them  many  times 
unliJ  a  substance  itt  obtained  which  crystallizes  in  brilliitnt  little 
sc&les,  fusible  at  66.5°.  They  are  but  slightly  soloble  in  alco- 
hol and  in  eold  ether,  but  freely  soluble  in  boiling  ether. 

PalmUin  has  b«en  extracted,  by  the  aid  of  boiling  alcohol, 
from  palm-uil  which  has  previously  been  submitted  to  heavy 
preasnre  betweeo  sheets  of  porous  paper.  It  melts  at  60° 
( Heints), 

Olein  18  the  predominating  principle  of  olive-oil  and  almond- 
oil:  from  which  it  is  difficult  to  obtain  it  in  a  pure  state.  Bor- 
tbelot  hu»  prepared  triolein  artificially  by  heating  glycerin  to 
a  tem])erature  between  200  and  240°  with  an  encess  of  oleic 
acid,  Tlie  mass  thus  obtained  is  treated  with  lime  and  ether; 
the  latter  dissolves  the  triolein  and  leaves  calcium  oleate. 
The  ethereal  solution  is  decolorized  with  animal  charcoal  and 
mixed  with  eight  times  its  volume  of  alcohol,  which  precip- 
itate)) the  triolein.  When  dried  in  a  vacuum,  triolein  is  an  oil 
which  solidifies  at  10°.  lis  density  b  between  0.90  and  0.D2. 
It  is  insoluble  jn  water,  and  very  slightly  soluble  in  alcohol. 

In  contact  with  niereuric  nitrat*  or  with  peroxide  of  nitrogen 
(red  vapors),  olein  ia  converti'd  into  a  crystalline,  solid,  fatty 
bodv.  fusible  at  32°,  to  which  Bundet  has  given  the  name 
fUidin. 

Fat  Ofl<  and  Drying  Oil«.— The  oils  of  olives,  sweet 
almonds,  rape-seed.  beech-niiW,  etc.,  aiwjuire  an  acrid  tn-sle  and 
a  disagreeable  odor  when  they  arc  long  exposed  to  the  nir,  but 
t-hey  do  not  solidify.  They  arc  called  fat,  or  non-nkciititie 
oils. 

Olive-oil  is  the  type  of  this  clasa.  It  is  extracted  by  press- 
ure from  crushed  olives,  and  has  a  greenish-yellow  color ;  iu 
tast«  is  sweet  and  agreeable  ;  it  is  odorless.  At  a  temperature 
a  few  degrees  above  0°.  it  becomes  a  solid  mass.  When  agitated 
with  mercuruuB  nilratt,  it  becomes  solid,  the  olein  whiyh  it 
contains  being  transformed  into  elaidin.  It  becomes  rancid  by 
exposure  to  the  ur. 
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When  other  oUh,  aauh  as  linseed,  vduut,  lieinp-etwd,  poppy 
and  cnstor  oUd  are  espoaed  to  ihe  lur,  thej  thicken  and  Gnu)f 
arc  converted  into  Bomewliut  elastic,  yellow,  transpueni  iiu«u>, 
Bpeoies  of  soil  vamUhes.  They  ure,  therefure,  called  drying 
ui'b.nnd  are  employed  in  ihe  preparation  of  paints  and  vamiEli(i«. 

The  changes  which  oils  uuilergo  im  contact  with  the  air  ik 
caused  by  an  abeorpUon  of  oxygun,  and  are  acconinanied  tiy  t 
disen^Rfitiiiient  of  more  or  less  carbon  dioxide.  Lvery  one  tc 
familiar  with  the  wen  of  the  nutund  fatty  bodies  in  the  uu 
and  in  domestic  economy.  Among  the  Industrial  appliiadmu, 
we  ciin  only  mention  the  employment  of  tallow  snd  paltu-oil  to 
the  manufacture  of  candles,  and  certain  other  oils  in  the  fabii- 
cation  of  soaps. 

SteBrim  Candles. — To  convert  tallow  into  stearin  candles,  it 
is  saponified  by  lime,  that  is,  it  is  first  converted  into  a  linn; 
soap,  which  is  then  decotuposed  by  sulphuric  »cid.  The  lalUr 
acid  caoHes  the  talty  acids  to  sepamlJ^,  and  they  eolidiQ'  cm 
cooling.  They  are  stronpty  compresaed.  first  bctwtwn  mmi, 
and  finally  between  hot  plates,  sii  that  the  oleic  add  u  ex- 
pressed, while  the  fatty  auids  proper  rcuiniii.  This  prvceai. 
which  was  invented  by  de  Milly  and  Molurd  in  lt:(29,  aitisi»i>i. 
aj9  may  bu  eoQti,  in  entirely  saponifying  the  tallow  by  lime.  In 
18B4,  de  Milly  modified  it  by  conaiderably  reducing  the  nnimint 
of  lime,  and  conBequently  the  proportion  of  sulphuric  acid 
required.  But  it  is  then  nccctwary  to  operate  nt  higher  tem- 
peratures by  the  aid  of  superheated  steam.  Th<<  operali<in  it 
conducted  in  closed  vesseb,  and  witli  2.5  parts  of  lime,  lUO 
parts  of  tallow  may  be  saponified  at  a  tempcratuT«  of  170  or 

l8fl^ 

Palm-oil  may  be  converted  into  candles  by  a  still  mon 
simple  process,  which  consisls  in  sul^ecting  it  to  the  action 
of  superheated  steam  at  300°.  It  is  thus  directly  decont- 
posed  into  fatly  acids  and  glycerin,  tor  the  vapor  of  water, 
at  the  high  temperature  employed,  acts  precisely  as  would  ■> 
alkali. 

Boapi, — In  the  south  of  Europe,  and  principally  at  Htf- 
Hcitlcfl,  oils  of  inferior  ijualily  are  used  lor  the  manufacture  uf 
Bvap,  and  the  oils  of  sesame  and  earth-nut  have  been  emplojed 
for  thin  purpose  for  some  years.  Tlicse  oils  arc  saponified  i} 
boiling  them  in  large  boilers  with  a  weak  solution  of  caastk 
soda.  The  oil  thus  becomes  juisty,  the  eKoess  of  oil  maJdng  ■■ 
emulsion  with  the   solution  of  soap  whicli  is  fint  tonid 


More  concentrated  soda  lyc  containiDg  c 
added,  and  the  Hapi>niG cation  is  finished  by  hoiJiag;  the  Boap, 
which  is  insoluble  in  the  concentrated  lye,  cornea  to  the  surface 
of  the  li<juid,  luid  the  lye  u  then  drawa  off.  When  the  soap 
is  well  mode,  the  paste  bardena  uu  cooling; ;  it  has  a  bluish-gray 
color,  due  to  a  ferruginous  soap  mixed  with  sulphide  of  iron. 
The  iron  and  sulphur  are  derived  from  the  materials  employed, 
crude  caustic  suda  containing  a  small  quantity  of  iron.  If  this 
paste  be  heated  with  about  one-twelfth  its  weight  nf  water,  or 
Ik  very  weak  solution  of  eaustio  soda,  it  melta,  and  if  the  maas 
be  allowed  to  stand  andisturbed,  it  will  separate  into  two  por- 
tioQM,  the  lower  and  stnmgly-colored  layer  containing  the  more 
denae  fermginaua  soap ',  the  upper  layer  constitutes  white  soap. 
WhL'n  the  latter  is  completely  clarified  h;  the  deposit  of  the 
ferruginous  sonp,  it  is  drawn  off  into  large  moulds,  where  it  solid- 
ifies. Whi/e  noap  is  thus  obt^ed.  If,  on  the  contrary,  mar- 
bled aoap  be  desired,  the  paste  is  frequently  agitated  during  the 
cooling.  The  colored  part,  that  is,  the  ferruginous  soap,  thus  be- 
eomcB  diffused  throughout  the  whole  masa,  forming  bluish  v^Ins. 

For  some  years,  large  quantities  of  soap  have  been  prepared 
by  combining  with  caustic  soda  the  oleic  acid  obtained  as  an 
accessory  product  in  the  mannfaeture  of  stearin  candles. 

Soft  Boaiia  have  potassa  for  their  base.  They  are  manufac- 
tured Irom  various  oils,  snch  us  hemp,  poppy,  and  Itnscod  oils, 
which  are  saponified  by  caustic  potaaaa  lye. 

Saponification. — It  will  have  been  noticed  that  all  of  these 
industrial  opurationa  have  for  their  object  the  decomposition 
of  neutral  ful^  into  fatty  acids,  either  free  or  combined  with 
a  base.  This  decomposition  has  received  the  name  saponifi- 
cation. It  may  be  effected  by  the  action  nf  water  and  heat 
alone,  by  the  action  of  a  base,  or  by  the  action  of  a  powerful 
acid,  such  as  sulphuric  acid  ( sulphuric  saponification).  In  the 
Utter  case,  the  acid  acts  upon  the  glycerin,  forming  a  sulpbo- 
glyceric  autd.  Whatever  pntcess  be  employed  to  effect  thia 
decomposition,  the  presence  of  water  is  always  necessary,  for 
the  elements  of  that  liijuid  combine  directly  with  the  fatty 
body  which  is  decomposed,  as  Cbevreul  has  very  well  ahown. 
In  ihb  respect,  the  decomposition  of  palmitin  by  superheated 
steam  may  serve  as  a  type  for  all  reaetiims  of  this  class, 

iO.Ci"n"o  ( Oil 

O.C»H"0    +     3n»0    =    C'U'UiU      +     3C'<H'iO.OH 
O.Ci*HnO  (oh 

MnMa.  01r»ria.  PilmlUe  uld. 
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POLYATOMIC  AND  POLYBASIC  ACIDS.* 
These  acidit  nre  reltited  to  the  polyatomic  alcohcilB,  just  u 
tte  acids  containing  two  atoms  of  oxygen,  and  which  we  have 
already  studied,  are  relatisd  to  the  mouatomic  alcohol*. 

The  poIyaWmic  aeida  are  claaaed  in  sevoral  series,  among 
which  we  must  consider  in  a  special  manner  those  vhich  in- 
clude glycollic  and  osalic  aciila.     As  wc  have  already  tevn. 
these  two  acids  are  products  of  the  direct  osidation  of  glycol. 
Their  homologucs  are  related  to  tlie  superior  giycols. 


Owmu. 

Acin,  OBSnO". 

Acu^  c»m°. 

CH'.OH 

CH'.OH 

CO.OH 

.^.I'.OH 

CO.  OH 

(?0.0H 

Glycol. 

OlTcgMIc  uin 

CH'.OH 

CH'.OH 

CO.OH 

in. 

^H' 

i-H. 

CH'.OH 

60.OH 

63.0H 

111  propyl  gljcol. 

Hidmoryllc  add. 

ttiiauleM 

cu> 

CH> 

iu.OH 

^H.OH 

ha'.oa 

io.OH 

■M 


CH'.OH 


co.on 


^Hf-On  i!»,OH 

Vormil  hiiljlgljcol.  Bdcdnic  acid. 

The  first  of  the  above  series  is  that  of  glycol  and  the  sapf 
rioT  glycolfl.  Among  the  latl«r,  the  true  liomo!ogues  of  glycol 
would  be  those  which  differ  from  the  latter  by  nCH',  and  of 
which  the  formulae  would  consequently  be  analogous  to  tbit 
of  normal  propylglycol.  Ordinary  propylgljcol,  which  vields 
lactic  acid  by  oxidation,  is  an  isomeride  of  normal  propylglywJ- 

The  second  series  is  that  of  glycollic  acid  and  its  homologoes. 
They  are  derived  from  the  corresponding  glycols  by  the  sub- 
stitution of  0  for  H'  in  one  group,  CH'.OH  They  conse- 
quently contain  hut  one  cnrboxyl  group,  CO.OH  :  ihey  »pe 
monolwsic,  for  the  hydrogen  atom  of  the  last  group  can  be 
replaced  by  a  metal.  It  will  also  be  noticed  that  thev  are  il 
the  same  time  acids  and  fdeohols, — acids  hy  virtue  of  ine  mrl*- 
oiji,  CO.OH,  primary  alcohols  by  virtue  of  the  group  CH'.OH, 
or  seoondary  alcohols  bj  vina«  of  tke  ^uvq  CH.OH. 
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The  third  series  is  that  of  oxalic  acid  and  its  homologues. 
They  are  derived  from  the  glycols  by  substitution  of  0*  for 
2H'  in  two  groups,  CH'.OH.  They  consequently  contain  two 
carboxyl  groups,  CO.OH,  and  they  are  dibasic  because  the 
H  of  each  of  these  groups  may  be  replaced  by  an  equivalent 
quantity  of  metal. 

Between  glycoUic  and  oxalic  acids  there  exists  a  remarkable 
acid,  because  it  is  at  the  same  time  a  monobasic  acid  and  an 
aldehyde :  it  is  glyoxylic  acid.  It  contains  CH'O',  one  more 
atom  of  oxygen  than  oxalic  aldehyde,  which  is  called  glyoxal^ 
(?H*0*,  and  two  atoms  of  hydrogen  less  than  glycollic  acid. 
These  relations  of  composition  will  be  clearly  seen  from  the  fol- 
lowing formula: 

CHS.OH  CHO  CHO  CO.OH 

to.OH  <!x).OH  CHO  CO.OH 

Glycollic  acid.  Glyoxylic  acid.  GlyoxaL  Oxalic  acid. 

Of  all  the  acids  which  make  up  these  series,  we  can  only 
consider  glycollic  and  lactic  acids,  which  are  members  of  the 
first,  and  oxalic  and  succinic  acids,  which  belong  to  the  second. 
Besides  these,  we  will  briefly  describe  the  intermediate  com- 
pounds, glyoxylic  acid  and  glyoxal. 

GLYCOLLIC  ACID. 

C«HH)»  =  CH»(OH)-CO.OH 

This  acid  is  formed  by  the  oxidation  of  glycol.  Strecker 
and  Socoloff  discovered  it  in  the  product  of  the  reaction  of 
nitrous  anhydride  upon  glycocol,  or  sugar  of  gelatine  (see  page 
545). 

R.  Hoffmann  and  Kekul^  have  shown  that  it  is  produced  by 
the  action  of  an  excess  of  potassium  hydrate  on  monochlor- 
acetic  acid. 

KCffClO'    +     KOH    =    KCl     +     KCH'O' 

Potaasinin  monochloraoetate.  PotMnium  gljcollate. 

When  pure,  this  acid  forms  delifjuescent  crystals,  which  are 
very  soluble  in  water.  It  dissolves  also  in  alcohol  and  in  ether. 
It  has  a  strong  acid  reaction.  When  heated,  it  loses  the  ele- 
ments of  water,  and  is  converted  into  glycoUide,  or  glycoUic 
anhydride,  C»H*0«,'  or  C*H*0*. 

CH^O*  —  WO  =  (T-WO^ 

OljrcoiJic  acid.  GlycoUide. 
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GLYOXrUC  ACID  AND  GLYOXAL. 

Qlyoxylic  acid  is  formed  by  the  nction  of  ciilutu  nitric  m 
on  alcohol.  It  may  be  prepared  by  pouring  into  a  tall  jar, 
by  means  of  a  funnel-tube,  alcohol  of  80  per  cent,,  water,  and 
fuming  nitric  acid,  succe^iively,  so  that  the  layers  may  not  mix 
at  once.  The  whole  is  then  left  for  about  a  week  at  a  t«mp- 
omture  of  20°,  so  that  the  three  layers  may  gradually  mii  by 
diffusiun.  GascH  are  disengaged,  and  the  product  conlaiiis  nitric 
aeid,  glyosylic  and  glycollio  acids,  several  ethers  and  aldebydeit, 
and  notably  glyoxal.  The  liqtiid  is  distributed  in  fiat  plates 
and  evaporated  to  a  sympy  consistence  on  a  wat«i^b«th.  1^6 
residae  is  exhausted  with  water,  neutralized  with  chalk,  and  fil- 
tered. Alcohol  is  added  to  the  Glt«red  liquid,  and  precipitates 
glyoxylate  and  glycollate  of  c^cium.  The  alcnholio  mother- 
liquor  contuiis  i^lyoical.  The  precipitate  of  calcium  salts  is 
collected  un  a  filter,  pressed,  and  dissolved  in  boiling  water. 
The  solution  being  allowed  to  evaporate  apontaneousty,  the  cal- 
cium glyozylate,  which  is  least  soluble,  is  deposited  first.  Qly- 
oxylic  acid  may  be  isolated  by  decomposing  an  a<{uoous  sulatioa 
of  calcium  glyoxylafe  by  oxalic  acid. 

Glyoxyliu  acid  is  a  syrupy  and  very  acid  liquid.  Its  consti- 
tution shows  it  to  be  al  the  same  time  an  acid  ajid  an  aldehyile, 

and  this  double  fanction  is  expressed  by  the  formula  i 

Its  Bohition  reduces  ammoniacal  silver  nitrat«.     When  heated 
with  sulphuric  acid  it  disengages  carbon  monoxide. 

CH'O'  =  2C0  +  ffO  ^H 

Nascent  hydrogen  converts  it  into  glycollic  acid.  ^^^| 

C'H'O"  +  H'  =  CH'O*  ^H 

OlyoxaL — Thi.t  body  is  formed  at  the  same  time  as  the  pro- 
ducts above  mentioned,  by  the  aetion  of  weak  nitric  acid  on 
alcohol.  It  is  prepared  from  the  alcoholic  solntion  which  sepa- 
rates from  the  calcium  glycollate  and  ^lyoxylate.  To  this  is 
added  ft  concentrated  solution  of  sodium  acid-sulphite,  wbicli 
forms  a  crystalline  combination  with  the  glyoxol.  This  com- 
bination  deposits  and  is  collected,  purified  by  rccrystallizalioo 
in  water,  and  barium  chloride  is  added  to  its  aqueous  solution. 
A  sulphite  of  glyoxal-bariiim  is  formed  by  doable  decomposi- 
tion, and  deposits  ia  crystalline  crosto.    To  ita  solution  in  boil- 
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ing  water  salphmio  add  is  added  in  qaantity  exactly  safficient 
to  precipitate  the  barium  as  sulphate.  The  filtered  liquid  will 
contain  sulphurous  acid  and  glyoxal,  and  the  latter  iJone  will 
remain  after  eri^oiration  on  a  water-bath. 

Glyoxal  is  a  deliquescent,  amorphous  solid,  slightly  colored, 
and  very  soluble  in  water  and  alcohol.  Its  a(|ueous  solution 
energetically  reduces  ammonio-nitrate  of  silver.  It  combines 
with  the  acidnsulphites,  like  the  other  aldehydes.  Glyoxal  is 
the  aldehyde  corresponding  to  oxalic  acid. 

CHO  CO.OH 

ijHO  fco.OH 

CHjozaL  Oxalic  add. 

LACTIC  AND  PARALACTIC  ACIDS. 

C»flH)«=  Cfl«-CH(OH)-CO.OH 

Formation  and  Constitation. — Lactic  acid  was  discovered 
by  Scheele  in  sour  milk.  Berzelius  discovered  the  existence  in 
various  liquids  of  the  animal  economy  of  an  acid  which  was  at 
first  believed  to  be  identical  with  that  which  results  from  the 
acid  fermentation  of  milk.  Later,  an  acid  identical  with  the 
latter  was  found  in  various  vejretahle  juices,  and  wa-s  recog- 
nized to  be  the  product  of  a  peculiar  fermentation  of  glucose, 
called  the  lactic  fermentation.  It  wan  also  discovered  that 
the  lactic  acid  of  fermentation  is  not  identical  with  that  which 
exists  in  the  animal  liquids,  especially  that  liquid  which  im- 
pregnates the  muscular  fibres.  The  latter  acid  Is  called  paral- 
lactic add.  The  nature  of  its  isomerism  with  lactic  acid  has 
been  recently  discovered  by  Wislicenus.  It  is  a  case  of  phys- 
ical isomerism ;  paralactic  acid  is  optically  active,  and  this 
physical  peculiarity  carries  in  its  train  slight  modifications  in 
chemical  properties;  these  variations  will  be  indicated  when 
treating  of  the  lactates. 

Independently  of  the  acids  which  have  just  been  mentioned, 
there  is  another  which  was  at  first  named  ethylene-lactic  acid, 
and  which  results  from  the  oxidation  of  normal  propylglycol ; 
its  constitution  is  expressed  by  the  formula 

Cfla.OH 

fco.OH 
It  is  hydracrylic  add;  it  is  also  formed  when  /9-iodopropi- 
onic  acid  is  treated  with  water  and  silver  oxide.     Its  character- 
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Utic  property  is  its  eaey  decomposition  into  water  and  urylic 
acid,  bence  the  muno  hydr&ciylic  (Wialicenus). 

Its  ieomeride,  lactic  acid  of  fermentaiioD,  is  formed  b;  ikf 
oxidation  of  ordinary  propjlglycol  (A.  Wnrtaj.  This  ha 
determines  its  conetitutioD,  whicli  can  also  be  dcdneed  froni 
a  very  interesting  mode  of  formation  discovered  by  Streckrr. 
When  a  mixture  of  aldehyde,  hydrocyanic  acid,  and  hydro- 
chloric acid  ia  allowed  to  stand  for  some  time,  amtDODitun  chlo- 
ride and  lactic  acid  are  formed. 


HO 
/MehyiB.     B]rdnK«»lo 

The  isomeriam  of  lactic  and  hydraciylic  acids  may  be  readily 

understood  by  the  aid  of  the  fullowing  formulas : 
CH'.OH  cu» 

CH>  is. OH 

'  iuOH  ("M-OH 

HyriimcfyJlE  Kid.  IjkUc  uid. 

Both  acids  are  monobasic ;  each  contains  tlie  group  CO.OH. 
which  is  cliaracleristic  of  oi^nic  acids.  The  tliird  oxygen 
aXom  exists  in  alcoholic  hydroxy!,  cither  in  the  primary  gronp 
CH'.OH,  or  in  the  secondary  grxinp  CH.OH. 

Tlie  preceding  formulie  show  that  lactic  ncid  has  a  mixed 
ftinetion ;  it  is  at  the  i»me  time  an  alcohol  and  an  acid.  Thit 
is  made  evident  in  all  of  its  compounds,  and  it  will  be  Enfficient 
to  mention  that  one  molecule  of  tactic  acid  in  ite  function  as 
an  acid,  can  react  with  and  etherily  another  molecule  in  iti 
function  of  an  alcohol,  the  hydroxy]  of  the  group  CO.OH 
forming  a  molecule  of  water  with  the  hydrogen  of  the  alco- 
holic hydroxyl  in  the  wcond  molecule  of  the  add.  The 
dilactic  acid,  iBclic  anhydride,  and  lactide  which  are  formed  by 
the  more  or  less  c<implct{^  dehydration  of  two  molecules  of 
lactic  acid,  are  veritable  dilaetic  tlhers.  This  point  has  been 
develoiied  by  GrimanK, 

Frepatatioii  of  Lactic  Acid. — A  mixture  of  3  kilo- 
grammes of  glucose  dissolved  in  13  litres  of  water,  4  kilo- 
grammes of  Hour  milk,  lilO  grammes  of  old  cheese,  and  1.5 
kilogrammes  of  pulverized  chalk,  is  exposed  to  a  temperature 
of  30  or  35°.     At  the  end  of  a,  week,  the  whole  solidifies  to 
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a  mass  of  ualdnm  lactate.  The  salt  is  purified  by  crystal- 
litatioD,  and  is  exactly  decouposed  by  dUute  sulphuric  acid. 
The  calciiun  aniphatc  is  separated  by  filtration,  and  the  acid 
liquid  is  boiled  and  satuniicd  wit^  hydroeartxinatti  of  xinc ; 
It  ia  then  filtered  and  allowed  to  cool.  The  zinc  Uctat«  cryn- 
taUises,  aad  it«  Ailution  being  decomposed  by  hydrogen  sul- 
phide, zinc  sulphidL-  and  lactic  acid  are  obtained.  The  latl«r  IB 
:4eparated  by  filtraUon  and  its  solnlion  concentrated  on  a  water- 
bath. 

Fropertiea. — Lactic  acid  is  u  colorless,  syrupy  li(juid,  having 
a  decided  acid  tatitc.  When  heated,  it  begins  to  luMe  water  at 
13(1°,  and  is  converted,  little  by  little,  iaUi  a  yellow,  amorphoua 
masa,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  This 
body  is  dilaclK  fund,  CH'K)'. 

SCTPO*  =  CI1''(>'  +  H'O 

At  230°,  it  disengages  a  small  quantity  of  carbon  monniude 
and  cmrbon  dioxide,  and  a  product  distils  which  ot\en  solidifies 
on  cooling.  It  is  lacHde,  or  diladie  anhtfdridt,  and  is  derived 
directly  from  dilactic  acid. 


lActide  has  been  represented  by  the  more  simple  formula 
C^H*0',  but  L.  Henry  has  shown  by  a  determination  of  vapor 
density  that  the  double  Ibrmula  represents  the  true  constitution 
of  this  body.  Grimaux  had  already  arrived  at  the  same  con- 
clusion from  theoretical  considerations. 

I^ictidc  occurs  in  colorless  crystals,  soluble  in  water  and 
alcohol.  It  possesses  the  property  of  combining  directly  with 
the  elements  of  wat«r,  lactic  acid  being  reformed  ;  it  also  com- 
bines with  ammonia,  forming  lactamide. 

Paralactic  Acid. — This  is  the  lactic  acid  which  may  be 
extracted  &om  meat.  It  is  also  called  sarcolactic  acid.  It  may 
bo  prepared  from  commercial  extract  of  meat ;  this  is  dissolved 
ID  4  parts  of  water,  and  the  solution  precipitated  by  8  parts 
of  9ft  per  cent,  alcohol.  The  alcoholic  solution  ia  decanted, 
■nd  the  remdue,  which  ia  insoluble  in  alcohol,  is  exhausted  with 
2  puts  of  lukewarm  water,  the  solution  again  being  precip- 
it^ed  by  alcohol.  The  alcoholic  solutions  are  united  and  dis- 
tilled on  a  water-bnth.  The  residue  is  rendered  strongly  acid 
by  aolphurio  acid,  and  agitated  with  ether  which  dissolvee  the 
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p&nlactic  add  set  free.  Tbe  ethereal  solution  is  cvaponttd, 
and  the  acid  is  converted  into  the  salt  of  tine,  which  b  gal«c- 
quently  dceomposed  by  hydrogen  sulphide,  as  has  been  indicated 
for  the  prepitration  of  ordinary  lactic  acid.  Paralactic  acid  a 
BjTupj  like  its  isumuride.  It  turna  the  plane  of  polariied  lipbl 
to  the  right  (Wislioenua).  Wlinn  heated,  it  becomeis  dehjr- 
drated,  yielding  lactide. 

According  to  Wifilicenus,  extract  of  meat  contains  still  to- 
other paralactic  acid,  isouieric  with  the  preceding,  but  opiicall; 
inactive. 

Lactate*  and  Paralactates. — Lactie  acid  is  a  moDobuic 
acid  i  the  neutral  lactates  contain  R'CH'O".  or  M"(CH'0'|'. 
The  moat  characteristic  is  einc  laefale,  ZnCCHK)*)'  -+■  3U'0, 
whii:li  is  but  slightly  soluble  in  cold  water,  and  separates  troni 
ita  b<jiliag  solution  in  brilliant  needles  or  laminte. 

Ziiie  parataclate  crystallizes  with  two  molecules  of  water, 
and  is  much  more  soluble  than  llie  ordinary  lactate. 

Calcium  lacMe,  Ca(CH'O')'  +  5H'0,  crystalliies  in 
rounded  masses,  formed  of  little  needles  grouped  around  ■ 
common  centre.  Like  all  the  lactates,  it  is  very  soluble  in 
water  and  alcohol.  Its  isomeride,  ralcium  pandatlatt,  it 
deposited  iVom  boiling  water  with  4  molecules  of  water  of 
crystal liiation.  According  to  Wislieeniis,  this  salt  ooDtiiu 
2[Ca(CH»0')^  +  SHH). 

FerrouK  Irtr/afe,  FefCH'O'V.  prepared  by  double  decompo- 
sition of  calcium  lactate  and  ferrous  solphat*,  fonns  gr««ii>h, 
cryHtaltine  eniHt.'',  soluble  in  water.    It  is  employed  in  medicine. 

Lactamide,  C"F1'N0'. — When  an  alcoholic  solution  of  lac- 
tide is  treated  with  ammonia  and  the  liquid  is  evaporattnl, 
crystals  are  obtained  which  are  soluble  in  water  and  alcoboL 
They  constitute  lactamiJe. 

Cn»0'  +  2NH'  =  SCirNO" 

Potassium  hydrate  decomposes  lactamide  into  lactic  acid  aod 
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HTDKACRYLIC  ACID. 

(ITHTLINKLACTIC,   OR   ETHENELAGTIG  AGID.) 
C»HK)»  =  CH«(OH)-CH«-CO.OH 

This  acid  \a  formed  by  the  oxidation  of  nonnal  propjlglycol. 
It  is  also  formed  by  the  action  of  water  and  silver  oxide  on 
i9-iodopropionic  acid. 

CH»I-CH«-CO»H  -h  AgOH»  =  CH».OH-CH»-CO.OH  -f  Agl 

^-lodoproplonic  add.  Uydrmcrylic  acid. 

The  silver  salt  formed  in  the  latter  reaction  is  converted  into 
the  zinc  salt,  and  the  latter  is  decomposed  by  hydrogen  sul- 
phide. 

Hydracrylic  acid  is  syrupy.  When  heated,  it  breaks  up 
into  acrylic  acid  and  water. 

When  heated  with  hydriodic  acid,  it  Is  ii^ain  converted  into 
j5-iodopropionic  acid.  Its  sodium  mlt^  NuCIPO^,  depositH  from 
alcohol  in  crystals  fusible  at  142-143°.  Between  180  and  200°, 
it  loses  water,  and  is  partly  converted  into  sodium  acrylate. 

Zinc  hydracrylate^  Zn(CH*(>'j''  +  il^O,  is  characteristic. 
It  forms  large,  very  brilliant  crystals,  soluble  in  about  one  part 
of  water. 

GLYCERIC   ACID. 

C«H«0*  =  CH2(OH)-CH(OH)— CO.OH 

This  acid  is  obtained  by  oxidizin^r  glycerin  with  nitric  acid, 
or  by  treating  it  with  bromine  and  water.  It  is  also  formed 
by  the  spontaneous  decomposition  of  nitroglycerin. 

It  is  prepared  by  introducing  into  a  tall  jar  one  part  of  nitric 
acid  of  specific  gravity  1.5,  and  1  part  of  glycerin  diluted  with 
its  own  volume  of  water.  Care  is  taken  that  the  two  licjuids  may 
not  mix,  and  the  whole  is  left  to  itself  for  five  or  six  days.  The 
two  bodies  gradually  mingle  and  react  upon  each  other.  The 
liquid  is  evaporated  on  a  water-bath,  and  the  residue  is  boiled 
with  well-washed  hydrate  of  lead  suspended  in  water,  after 
which  the  solution  of  lead-salt  is  filtered  hot.    Crystals  of  lead 
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glycerate  separate  on  cooling;  they  are  purified,  and  ihrir 
aqueoiu  solution  when  doMiniposed  by  hydrogen  gulphiile,  liii- 
nishes  glyceric  acid. 

Propertiei. — Glyceric  acid  is  a  thick,  iighuyelloir  syrap, 
soluble  in  water  and  alcohol.  Ite  reaction  ia  acid;  it  is  moDo- 
basie.  Hydriodic  acid,  by  the  aid  tif  heal,  convene  it  into 
f3-iodi>prop ionic  acid.  Its  relations  with  ^yceria  m&y  be  seen 
in  the  following  formulte: 

CH".oe  <x».oe 

^H.OU  6u.0H 

kn'.os  in' OH 


Closely  related  to  glycoUic  and  lactic  acids  are  two      , . 
nitrogeniied  bodies,  glycocol  and  alanine.     They  form  pari  of 
a  series  which  includes  among  other  bodies  leucine,  a  nlun- 
geniied  compound  which  plays  a  part  in  the  animal  economy. 

When  a  current  of  nitroua  anhydride  is  passed  into  Holntions 
of  glycocol,  alanine,  and  leucine,  nitrogen  is  disengaged,  anJ 
theae  bodies  are  cunycrtod  into  glycollic,  lactic,  and  leudc  adds. 
We  then  have  the  following  series : 


CH-O"  CH'NO' 

<yW(y  C'H"NO' 


GLYCOCOL. 
C>H'NO'  =  CH'(NH']-CO  OH 
This  body  ia  related  to  glyciUic  acid.  It  was  discovered  bi 
Braconnnt,  who  obtained  it  by  boiling  gelatin  with  dilnlc  (oi- 
phuric  acid  for  a  long  time,  saturating  the  solution  with  buriun 
carbonate  and  evaporating  the  filt«red  liquid.  Hence  the  nuw 
sugar  of  gelatin  or  glycocol. 

Cahours  obtained  it  by  the  action  of  ammonia  on  mono- 
chloracetic  acid. 

?°""      t     !BH.    _    »H.OI  t     ?»■>"' 
CHKn  CH>.NH« 

MonocWormoMlc  «(d.  GljeocoL 

It  is  therefiire  amidauetic  or  aeetaniic  acid. 


I 
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It  may  abo  be  formed  by  passing  cyanogen  gas  into  boiling 
hydriodic  acid,  which  is  reduced  with  separation  of  iodine,  the 
hydrogen  effecting  the  change. 

CN         «„,^  ^„,  CH«.NH«  „„, 

<iN   +    '^'^^    +    *=•    -    CO.OH        +    »=* 

It  is  a  solid  body,  crystallizing  in  oblique  rhombic  prisms, 
fusible  at  170°.  Its  taste  is  sweet.  It  is  soluble  in  4  parts  of 
water,  slightly  soluble  in  alcohol,  insoluble  in  ether.  Its  solu- 
tion has  a  feeble  acid  reaction.  Indeed,  glycocol  can  react  with 
the  bases,  forming  compounds ;  when  it  b  digested  for  several 
hours  at  a  temperature  between  80  and  104°  with  silver  oxide, 
the  latter  is  dissolved,  and  the  compound  CH^AgNO'  is  formed. 
The  cupric  compound,  ((7H*NCH)»Cu  +  H*0,  crystalliies  in 
beautiful,  dark-blue  needles.  Oo  the  other  hand,  glycocol  will 
combine  with  the  acids ;  there  is  a  nitrate  of  glycocol  crystal- 
lizable  in  large  prisms  containing  C'H^NO'.HNO^. 

With  ferric  chloride,  glycocol  gives  an  intense  red  color,  de- 
colorized by  acids  and  reappearing  on  the  addition  of  ammonia. 

When  nitrous  anhydride  is  passed  into  a  solution  of  glycocol, 
the  latter  ia  converted  into  glycollic  acid,  nitrogen  being  at  the 
same  time  disengaged. 

2(?H»N0*  +  NHy  =  2C?H^(y  +  ffO  +  2N« 

Glycocol.  Glycollic  add. 

Methylglycocol  or  Sarcosine,  CH^NO*. — This  compound 
is  obtained  by  the  reaction  of  methylamine  and  monochloracetio 
acid,  by  an  interchange  analogous  to  that  which  yields  glycocol. 

Tb^    +    ^'^«'(««')    -    NH.(CH.)HC.    +    11^^^^,^^ 

Monocbloracadc  Metbylamine.  MethylamiDo  Sarooaioe. 

add.  hydrochloride. 

It  is  also  formed  in  the  decomposition  of  creatine  and  caffeine 
by  baryta  water  (Liebig).  It  crystallizes  in  rhomboidal  prisms, 
very  soluble  in  water,  slightly  soluble  in  alcohol.  It  melts  at 
100°,  and  can  be  sublimed  without  decomposition.  Like  gly- 
cocol, it  forms  compounds  with  acids.  When  distilled  with 
barium  hydrate,  it  yields  methylamine.  It  may  be  distin- 
guished from  glycocol  by  the  action  of  nitrous  acid,  which 
converts  it  and  idl  compounds  which  contain  the  group  NH, 
into  a  nitro-derivative. 

CO.OH  OH  NO  ^^'^^ 

CU«.NH(CH»)    "*"  "    CH«.N(NO)(CH»)    "^    *^ 

Sarooalii*.  Nitnrat  add.  Nitroaarooaina. 

50 
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PH'JJO"  =  CH>-CH{NH»)-C0.OH 

Slrecker  made  the  sjiathesis  of  alaoine  by  passiDg  hydro- 
chloric Bcid  gas  into  a  mixture  of  aldohyde-ammonia  and  hydro- 
cyanic acid. 

CH'O  +  CNH  +  n'O  r^  CH'SO* 

The  brown  lifjiiid  rcHultinR  trom  this  reaction  is  evaporated. 
Alanine  tryslidlizes  in  bard  necdlee,  grouped  in  stars  or  tuftf. 
It  is  Gotuble  in  water,  only  alightJy  soluble  in  alcohol,  infioluble 
in  ether.  The  aqueous  solution  is  neutral,  and  is  converted 
by  nitrous  anhydride  iiiti>  lactic  add,  with  evolution  of  nitTognn. 
2CH'N0'  -I-  N'O"  ^  2CaHy  +  HH)  +  2N' 

Alanine  may  be  sublimed  by  cautiously  heating  it.     By  dr; 
distillation,  it  breaks  up  Into  carbon  dioside  and  cthylamine. 
CH'Nff  =  CO'  +  CH'.NH' 
It  is  isomerio  with  lactamidc  and  with  an  add  amide  wbicl 
is  obtained  by  the  action  of  ammonia  on  ,Modopropionie.« 
The  following  formula  account  for  th<»o  isomeridea : 
CH»  CH'.NH«  CIP 

CH.OH  CH'  ^B.KB 

i!;o.Nn'  ^o.oH  6o,oH 

lActamMlB.  fl-«mldDprDpl<Hiio  tdd.  AlauLn*^ 

(S-amidopropionic  odd,  which  is  formed  in  the  reaction  just 
indicated,  cryBUilliiKw  in  Imnsparent  and  colorless  oblique 
rhombic  prisms.  It  is  very  soluble  in  water  and  but  alightl; 
Boluble  in  alcohol.  When  cautiously  heated  to  170",  it  panlf 
snblimea  in  needles. 


LEUCINE. 

C«H"NO' 


This  body  was  discovered  by  Proust,  in  1818,  in  old 
It  seems  to  be  identical  with  a  substance  obtained  from  cndiT- 
eric  fat,  and  named  by  Fourcroy  apoacpeilittr.  It  is  a  produrt 
of  the  putrefaction  of  animal  matters.  It  is  also  formed  wVn- 
bom,  )i<elatinous  tissues,  or  albuminous  matters  are  txuled  wita 
dilute  Hulphuric  acid,  or  fused  with  potassium  hydiste.    M 
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5dti 


s  rormed  at 


■  t«aolio[i8,  tyroeine,  ind  aomelJmes  jtlyeoool.  i 
ntDo  tinte. 

pxiata  alrcAtl;  fomiwl  in  <tn'  cconntny. 
■witli  in  thu  tuencfl  of  rho  liver,  sptwn,  lungs,  pnntTwia,  u 
m  the  NJivnry  glsnds,  etc-     Limpripht  hsia  (ormci)  it.  art 
cially,  by  »  process  jinaloi^as  to  that  I'mpJoyed  by  Strccker  tog^ 
tb«  synthesis  of  aluiino. 

PreparatioiL — Tbi>  beet  process  for  the  preparation  of  lew 
lAae.  (XinitiMUt  in  boiling  fur  twenty-four  liourM  '2  partti  of  horn 
ahuvinga  with  5  part*  cf  Bulplmriu  aiid  nnd  13  purls  of  » 
Mre  being  Ukeu  («  repluiM!  ihi)  water  m  it  evaporatag, 
lifinid  \b  iieatroliu'd  wiili  uilk  uF  liuit^,  ttio  euluiniu  Bulphiit 
HcpnT«[«d  by  fillraliun,  nnil  i\  xuiull  ritiuntity  iif  litui-  iliuL 
muinsine'ilulirmispn.'cipitiiU'il  byuxulicaeid.  TbefiltiTi-dai 
tinn,  left  tn  itei^lf,  first  di-poxiu  tynisine,  and  the  leudne  ntniaini 
in  the  iui)tlier-lir|iir>r,  from  wliich  it  iwpnniti;»in  urystakonspo^ 
tnnenaD  evaporation.    It  is  finuUy  erystalliKeil  from  weak  alcohtj;' 

Propertiea. — Lcarino  cryntalliwa  in  white  plates.  It  dis- 
solve* in  27  l>art8  of  cold  wntxir  and  much  more  abundantly  in 
boiling  water.  It  meite  at  170°,  nnd  doeomposes  at  a  higher 
Mmpcralnre  into  carbon  dioxide  and  amylamine. 
CH'^NC  =  CO*  +  C»H".Nn' 
icn  nitroiu  anhydride  is  passed  into  a  solution  of  lendnK, 
JeoDverted  into  a  homologne  of  lactic  acid,  leude  t 

BkCT). 

■  2CH''N0'  +  N'O"  =  SCtT'O*  +  H'O  +  SN" 


oxalic;  acid. 

f  Jl'U'  -^  (.;ij(Oi[j-co(oni 

il  State  and  Hodea  of  Fonnation. — This  imporiankl 
3  exists  in  many  vegetables.    Wiegleb  and  Scbeelo  e 
it  frata  salt  of  sorrel,  which  is  an  ncid  oxidate  of  potaasiam.  ^ 

The  process  of  ^choelo  has  becwine  classic.  It  consists  'a 
precipitAtti^  a  aoluiJon  of  salt  of  sorrel  with  aoetale  of  leud^l 
and  decomposing  the  precipitated  It^ad  oxalate  by  bydrii^«d^ 
Bolphido.  The  great  Swedish  chemist  demonstrated  the  ide»  1 
lity  of  the  aiud  thus  fiiriiiiHl  and  that  which  Burginon  had  J 
~*    ioriy  obtained  by  Irnuling  sugar  with  nitric  noid. 

alio  acid  is  met  with  in  the  animiil  L'wucimy.    Urine  o 
■  little  oryaiain  uf  uoleinm  oxulatv,  whii-h  ault  a  so 
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limes  deposited  in  the  bladder  and  there  forms  rough  ooncre- 

tioDS  IcDOWD  as  nulberrj  calculi. 

Osulic  acid  is  formed  by  tlie  action  of  nitric  acid  or  fused 
potassium  hydrut*  on  ii  great  number  of  organic  iuatt«ra. 

Cyanogen  yields  osaliu  acid  by  its  decomposition  in  contact 
with  water  (pa^^e  450). 

We  have  already  studied  the  relations  which  eiist  bttwet^n 
osalic  acid  and  glycol  (page  665_). 

Druchxcl  has  recently  made  a  beautiful  synthesis  of  oialii' 
acid.  By  passing  c«rl)on  dioxide  upon  sodium  dissemioated  in 
very  dry  i)uart£  sand  and  heatod  to  3511°,  he  obtained  sodium 

2C0'  4-  Na'  =  Na'CO' 

BdiIIbd  oiiUU. 

Oxalic  acid  also  results  from  the  action  of  a  moderate  heat 
on  sodium  formate. 

m.CEO.    .    f'™'    +     HV 
CO.ON* 

Preparation. — Osalic  acid  is  prepared  in  the  art*  by  two 
processes.  One  consists  in  the  oxidation  of  molasses  of  an 
inferior  quality  hy  nitric  acid.  The  operation  gives  rise  to  an 
abundant  disengagement  of  nitrous  vapors  and  carbon  dioxide. 
It  is  conducted  in  leaden  boilers  that  are  not  attacked  in  prr*- 
ence  of  a  great  eseeas  of  oxidizable  organic  matter. 

Another  process  wnsistB  in  the  reaction  of  potAsaium  hy- 
drate on  saw^duBt  at  a  high  temperature.  The  mass  is  ex- 
hausted with  water  which  diaaolves  out  potassium  oxalate,  aad 
the  solution  is  treated  with  milk  of  lime.  Calcium  oxalate  ii 
precipitated  and  potassium  hydrate  is  reformed.  Tlie  prceip- 
itated  calcium  oxalate  is  decomposed  by  sulphuric  acid,  ^cium 
sulphate,  which  is  almost  insoluble,  being  formed,  and  oxalic 
acid  remaining  in  solution  in  the  water.  When  the  latter  i» 
sufficiently  cuucentrated,  the  acid  is  deposited  in  crystals.  The 
potassium  hydrate  which  remains  in  the  first  solution  u  evapo- 
rated, and  serves  for  new  operations. 

Properties. — Oxalic  aiid  crystallines  from  its  aqueous  solu- 
tion in  large,  irnnsparcnt  prisms,  containing  2  molecutea  uf 
water.  When  exposed  to  the  air,  these  crystals  effioreeve,  and 
they  completely  lose  their  water  at  1UII°  or  in  a  dry  vacutuD- 
One  port  uf  oxalic  acid  dissolves  in  15.5  parts  of  water  at  IU°- 
It  is  also  very  soluble  in  alcohol. 

It  meltt.  in  its  water  of  crystallization  ut  98°;  at  132"  il 
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begins  to  dttengi^e  gues,  and  betweeo  155  and  160^  it  breaks 
up  into  water,  carbon  monoxide,  carbon  dioxide,  and  formic 
acid. 

CH'O*  =  C0»  +  CHW 
CHH)*  =  CO*  +  CO  +  H«0 

At  the  same  time,  a  portion  of  the  dry  acid  escapes  decompo- 
sition and  sublimes. 

When  oxalic  acid  is  heated  with  sulphuric  acid,  it  is  de- 
composed into  carbon  monoxide,  carbon  dioxide,  and  water, 
according  to  the  equation  given  above. 

Certain  chlorides  are  reduced  by  ebullition  with  a  solution 
of  oxalic  acid :  hydrochloric  acid  is  formed,  and  carbon  dioxide 
disengaged.  Under  such  circumstances,  auric  chloride  deposits 
metallic  gold ;  mercuric  chloride  is  reduced  to  mercurous  chlo- 
ride. 

Oxalic  acid  is  a  Tiolent  poison.  In  doses  of  8,  12,  to  20 
grammes,  it  produces  poisonous  effects  which  may  prove  fatal 
It  acts  upon  the  heart,  retarding  its  movements,  and  upon  the 
nerve  centres,  of  which  it  rapidly  depresses  the  functions.  Its 
antidote  is  chalk  or  precipitated  calcium  carbonate. 

If  a  solution  of  oxalic  acid,  or  better,  ammonium  oxalate, 
be  added  to  a  solution  of  calcium  chloride,  a  white  precipitate 
of  calcium  oxalate  is  formed.  This  precipitate  is  formed  even 
in  very  dilute  solutions.  If  a  small  quantity  of  silver  oxalate 
be  heated  in  a  small  test-tube,  the  siilt  decomposes  suddenly 
with  a  slight  explosion,  leaving  a  gray  powder  of  metallic 
silver,  part  of  which  is  violently  projected  from  the  tube. 

Ag^CO*  =  2C0'  +   Ag* 

Barer  ozftUte. 

These  reactions  characterize  oxalic  acid. 

Oxalates. — Oxalic  acid  is  dibasic.  Its  two  atoms  of  hydro- 
gen may  be  replaced  by  two  atoms  of  a  univalent  metal,  or  by 
one  atom  of  a  bivalent.  Acid  oxalates  and  neutral  oxalates 
are  known 

Potasrinm  Add  Oxalate,  KHeO*  +  IPO.— This  salt  con- 
stitutes the  greater  part  of  the  salt  of  sorrel  of  commerce.  It 
is  extracted  from  the  juice  of  various  kinds  of  Rumex  and 
OxaliSy  the  juice  of  which  is  clarified  with  clay  and  then 
evaporated  to  crystallization.  It  is  but  slightly  soluble  in 
water. 

If  a  concentrated  solution  of  oxalic  acid  be  agitated  with  a 
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Bolution  of  potossiom  neutral  oxalate,  h  precipitate  of  poUsuDii 
Bcid  oxalate  will  be  formed. 

If  a  concentrated  Bulution  of  oxalic  acid  be  agitated  with 
a  solution  of  potesaium  auid  oxalate,  a  white  precijiitate  of 
potassium  quadroxalaCc,  a  combination  of  the  acid  silt  ud 
oxalic  acid,  will  be  deposited.  It  contains  CH'O'  -f  KHW 
+  2H'0. 

ITentral  Potaarinm  Oxalate,  K'CO'  +  HH),  is  obuinM 
bj  neutralizing  h  solution  <if  the  acid  mdt  wilh  polasdiuDJ  (U- 
bonate  and  evaporaiing.  It  c-ryxtallizea  in  obliijne  rhombii' 
priBtnn,  very  suiubli?  in  water. 

AmmoniBm  Oxalate,  (NH*)'CO'  +  H'O,  which  ia  fre- 
quentlj  used  as  a  reagent,  is  prepared  by  neutmliEing  oi>k 
acid  with  ammonia.  The  concentrated  solution  deposit*  cdw- 
lew  cryslals  belonging  Uj  the  type  of  the  right  rhombic  priao- 
There  is  also  an  atid  oxalal*  of  ammonia,  (NU')HCH)'. 

Ethyl  Oxalate,  or  Oxalic  Ether,  (CH'j'CO'.— This  rthrt 
may  be  prepared  by  distilling  a  miMtireof  I  part  of  poUwiuffl 
acid  oxalate,  I  part  of  alcohol,  and  2  parts  of  concentnl«d 
Hulphuric  acid.  The  addition  of  water  to  the  distilled  liquid 
cauBca  the  separation  of  an  oily  layer  which  Binlw  and  a  Afr 
winted.  It  is  washed  with  a  solution  of  an  alkaline  caibnn*!*- 
and  distilled,  only  that  portion  being  retained  which  p»t«t 
above  180°.  Oxolie  ether  ia  a  colorless  liquid,  heavier  ihM 
water,  and  having  an  aromatic  odor.     It  boils  at  ISti". 


OXAMIDE. 
C'0'(NH»)' 

be  added  to  ethyl  oxalate,  the  W't 
s  formed  of  a  uryMaUi"^ 


If  aolutioD  of 

immediately  solidifies 
powder.     This  is  oxai 


ide. 


=  c.o'<S] 


S(CH'.OK) 


Oxamidu  u  also  formed  by  the  dry  distUla^ou  of . 
oxalate. 

»H'.0>"^  "^  =  <'^''  <NH'      +     *" " 

The  latter  reaction,  studied  in  183(1  by  Dumae.  led  to  ^^ 
diacovery  of  the  amides. 

Oxjunide  ia  a  white.  iryHtalline  powder,  very  slijrhlly  ml"'''* 
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D  oold  water,  inMhiUe  in  aleoliol,  gcMnewliit  BoioUe  in  boiEBg 
irater,  from  which  it  is  depooted  oo  cooling.  like  aD  of  the 
jnides,  it  is  decompofled  bj  boiliii^  poCaMfeiam  hjdnte.  am- 
aonia  being  disengaged  and  potiarium  oxalate  fonoed. 

Qzaaic  Aeid. — ^This  bodj  la  fonnc^d  when  ammoniam  acid 
oxalate  is  heated  to  between  2^  and  '136^  <  Bakrd;. 

»^HO>W    =    CW<o2'    -    H^ 


It  is  a  yellowish,  grainy  powder  which  boiling  water  apun 
converts  into  ammonium  acid  oxalate  by  the  diresd  addition  o( 
[>De  molecole  of  water. 

The  followii^  formuUe  expreas  deariy  the  relations  existing 
between  oxalic  acid,  oxamic  acid,  and  oxamide : 

c*o'<8i  cw<oh'  Cf*<^ 

Oxalic 


MALONIC  ACID. 

Halonic  aeid  is  the  saperior  homcJo^e  of  oxalic  acid,  and 
was  first  obtained  by  the  oxidation  of  malic  acid  by  potaMom 
diehromate  and  solphoric  acid.  It  also  re^nlu  from  the  kydra- 
tioD  of  cyanaeetic  acid  when  that  eompoond  it  heated  with 
tlkilies. 

CyaaKctic  acid.  MMyr.y,  *cad. 

It  crystallises  in  eoloriess  thin  plates,  rea/iilj  Kflable  io  vater 
tod  alcohol,  and  fonble  aft  132'.  At  a  bi;!^  unnpentmt  it 
decomposes  into  carbon  dioxide  and  acetic  add. 

It  is  dibnsiey  like  oxaiie  add  formlttz  two  series  of  salts  in 
wki^  eiiher  one  or  both  atoms  of  baf^ic  bTdroecA  sre  rep';ae»l 
by  an  eqniTalent  quantity  of  uKtal. 

OrpuJaaae  m  Tartrade  Aeid,  C*HH>.  te  one  of  the 

prodocts  of  the  deeomposick/n  of  tartaric  add  by  oitric 
pigeGOl.     Itsfiimdbk 

CO.OH 

CH-OH 
CO.OH 

It  finm  kiga  coMcaa  prisms,  fosible  at  175''. 
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SUCCINIC  ACID, 
Oll'Ot  =  CO.0H-CH>-CH«-C0.0H 
Thia  acid,  which  was  first  obtained  by  the  distillntion  of 
amber,  in  one  of  the  prmlucW  of  osidation  by  nitric  aeidufthf 
complex  fatty  acidH,  such  as  pulmilic  and  stearic  acids.  It  u 
also  formed  by  the  fennentAtion  of  calcium  malate  and  by  tkc 
reduction  of  malic  and  tartaric  acids  by  hydiiodic  acid. 

Maxwell  Simpson  obtained  it  synthetically  by  decompoOBg 
ethylene  dicyanide  with  potassium  hydrate. 

J"'""    4     4HK,    _    f""™0"      +    .I.H. 
CBt-CN  CH»-CO.OH 

tllh;leni>  dlcyinLilc.  eocclolc  kIiI. 

In  thb  reaclloD  the  nitro^n  of  each  cyanc^n  group  imita 
with  H',  and  is  replaced  by  ©"H  =  2(H*0)  —  H*.  Sucunic 
acid  then  contains  two  groups  CCHH,  combined  with  ethylene. 
It  is  dibaaic. 

Freparatioa. — Succinic  acid  may  be  prepared  either  by  lie 
dry  distillation  of  amber  and  purifying  the  solid  product  of 
this  distillation,  or  by  exposing  for  some  lime  calcium  miU'e 
Eoixcd  with  a  small  quantity  of  white  cheese  to  a  temperature 
of  30  or  40°.  By  a  sort  of  fermentation  the  malate  is  ihi^ 
converted  into  succinate,  and  the  caldum  succinate,  being  il^ 
composed  by  dilute  sulphuric  acid,  yields  calcium  sulphate, 
which  is  separated  by  filtration,  and  a  solution  of  aoct^ieacdd 
which  crystallizes  after  concentration. 

Prop^iea. — Succinic  acid  forma  large,  colorless  ciystak,  un- 
altered by  the  air,  and  fusible  at  180°.  At  235'  ii  boils  sod 
breaks  up  into  imxinSc  anhydride  and  water. 

CH-O*    =     CH^O"     +     H'O 

EDCdiili:  uiJ.       Sucdnkstih)ilrlJ<i. 

It  is  quite  soluble  in  water,  less  so  in  alcohol,  and  ulmost  in- 
soluble in  ether. 

Svcdnic  anhydrldr,  CH'O',  which  is  formed  as  above  men- 
tioned by  the  dry  diatillaiion  of  succinic  acid,  forms  a  «1ii"' 
cryslalline  mnss.  It  is  convrrted  by  phosphoms  pentachlcriile 
into  succinyl  chloride,  CH'O'Cl'. 

CHI-CO  ""•  ""'" 

tBMX.>»    +    '■'="    - 
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Keknl^  has  obtained  monobromo-mccmie  and  dibronuy-mo- 
dntc  acids  by  beating  moistened  snccinic  acid  witb  bromine  in 
sealed  tubes. 

Monobromo-succinic  acid  is  conrerted  into  malic  acid  wben 
treated  with  water  and  silver  oxide. 

C»H»Br<^^        +    AgOH    «    C«H»(OH)<^g     +     AgBr 
Monotiromo-raccinic  add.  Malic  acid. 

Under  the  same  circumstances)  dibromo-succinic  acid  is  oon- 
yerted  into  tartaric  acid. 

C»H«Bra<^2     +     2AgOH    =    C«H«(OH)«<^^Jg     +     2AgBr 
Dibromo«ucdnlc  add.  Tartaric  add.  , 

These  reactions,  which  were  discovered  by  Kekul^,  establish 
very  close  relations  between  succinic,  malic,  and  tartaric  acids. 

OHH)^  Buocinio  acid. 
C«H<OS  malic  acid. 
C«H>0«  tartaric  acid. 

The  following  formulae  express  the  constitutions  of  these 
adds: 

CHMX).OH 
bMX).OH 

CH(OH)-CO.OH 
.OH 

ch(oh)-co.oh 
6h(oh)-co.oh  ^'^^^^  ~^^^- 


1_-  _^^_.  succinic  acid. 


AHM30.r-       "^'''  "*'*• 


Malic  acid  is  oxysuccinic  acid,  and  tartaric  acid  is  dioxysuo- 
cinic  acid.  By  reducing  agents,  the  latter  acids  can  be  con- 
verted into  succinic  acid.  When  either  of  them  is  heated  with 
a  large  excess  of  hydriodic  acid,  water  is  formed,  iodine  is  de- 
posited, and  the  liquid  will  be  found  to  contain  succinic  acid 
(Schmitt  and  Dessaignes). 

IsOBUCCinic  Acid,  CH'-CH<qq  qtt,  isomeric  with  suc- 
cinic acid,  is  obtained  by  boiling  with  potassium  hydrate  the 
cyanide  of  ethylidene,  CH'-CH(CN)*,  corresponding  to  the 
chloride  CH»-C H CI*.  It  crystellizes  in  needles,  fusible  at  130®, 
and  more  soluble  in  water  than  succinic  acid. 
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MALIC    AfTD. 
CHIOS  —  CO.OH-CH»-CIIiOH)-CO.OH 

Thu  acid,  which  exieta  in  a  number  uf  vegetables,  wita  I'l- 
Intcted  by  Sebeele  from  appIe-juiiM.  It  ia  geni^rally  prcpireJ 
froui  the  hemes  of  the  tuouDtain-iutb,  galhered  herore  tht'ir 
pomplete  luiiturity ;  they  arc  stnmfily  preMc*),  and  the  jnice  in 
boiled,  filtered,  and  neutralised  with  milk  of  lime  at  the  nrdi- 
nary  temperature.  C'aleium  mulate  In  deposited,  mid  this  U 
ponverted  into  the  acid  malnte  by  dissolving  it  is  boiling  viit«[ 
acidulated  with  nitric  acid.  The  caleiatu  acid  iua]al«  ma;  \k 
readily  purified  by  ciystallization,  after  whiih  it  b  convimcd 
into  malate  of  lead  by  double  dccomporition  with  lead  acetate 
The  lead  salt  ia  suspended  in  pure  water  and  decomposed  iij 
hydrogen  aulphido ;  the  solution  of  malic  acid  is  then  fillercil 
and  evaporated  (Liebig). 

Properties. — 'Malic  acid  cryetAlliiee  in  little  needles  gronptxl 
in  rounded  graiiut.    Thcee  deliquesce  when  exposed  to  the  lir. 

The  aqueous  solution  of  malic  aeid  hns  a  marked  acid  tastr. 
When  long  kept,  it  becomes  filled  with  vegetations.  It  de- 
vinten  the  plane  of  pnlariuitioo  to  the  left.  However,  there  » 
an  inactive  malic  add  whidi  has  uo  effect  ou  poUriied  ligbt 
(Pasteur).  Solution  of  malic  acid  does  not  proanoe  a  clotia  in 
lime-water,  neither  in  the  cold,  nni  on  boiling. 

When  malie  ucid  is  heated,  it  begins  to  lose  water  at  130°, 
and  between  150  aud  ^00°  is  converted  into  two  acids  which 
are  iaomeriu  with  eiieh  other,  and  are  known  as  malcic  mJ 
fumuric  acids. 

Cn'O"  ^  CH'O'  +  U'O 

UiiJJc  Kid.  HUlelc  ud  hitiutic  uj.Ii. 

liimaric  aeid  forms  colorless  prisms,  not  very  soluble  in  CoU 
water,  and  not  fusible  but  volatilizing  with  piirtiul  decompoii' 
tion  above  250°.     Nascent  hydrogen  converts  it  into  succinic 

Ma/eie  acid  resembles  fumaric  acid,  but  is  much  more  soluble 
in  water.  It  melts  at  130°,  and  at  160°  decomposes  into  tnalw 
anhydride  and  water.  The  constitDiiona  of  these  two  acids  ue 
probably  expressed  by  the  formulte 

CO.OH-CH-CII-CO.OH  CH'-C(CO  OH)' 
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By  the  action  of  potassium  hydrate  at  about  150^,  malic 
acid  is  decomposed  into  oxalic  and  acetic  acids. 

lUlic  add.  Oxalic  add.  Acetic  acid. 

ASPARAGIN  AND  ASPARTIC  ACID. 

Succinic  and  malic  acids  present  simple  and  remarkable  rela« 
tions  with  two  nitrogenized  bodies  which  have  long  been  known  ; 
they  are  asparagin  and  aspartic  acids. 

The  latter  body  is  amidosuccinic  acid,  and  bears  the  same 
relations  to  succinic  acid  that  glycocol  (amido-acetic  acid)  bears 
to  acetic  acid.  On  the  other  hand,  its  relations  to  malic  acid 
are  analogous  to  those  of  glycocol  to  glycollic  acid. 

CH»  CH'.OH  C11«.NH« 

CO.OH  CO.OH  CO.OH 

Acetic  add.  Glycollic  acid.  Glycocol. 

CIP-CO.OH  CH«(OH)-CO.OH         CH(NH»)-CO.OH 

6h»-co.oh  CH»-C0.0H  CH«-C0.0H 

Saccinlc  acid.  Malic  acid.  Aspartic  or  amido«iiccinic  acid. 

Asparagin  is  the  monamide  of  aspartic  or  amidosuccinic  acid ; 
it  is  isomeric  with  the  diamide  of  malic  acid. 


CH(NHaHX).NH»  CH.OH-CO.NH» 

<!jH»-CO.OH  CH2-CO.NH2 

Asparagin.  Malamide. 

Asparagin,  C^H'N'O*. — This  body  exists  naturally  in  aspa- 
ragus, black  salsify,  the  roots  of  marsh-mallow,  licorice  wood, 
and  in  the  buds  of  cereals,  peas,  vetches,  and  beans  before  they 
flower.  To  extract  it  from  these  vegetables,  they  are  expressed 
while  fresh,  and  the  juice  is  clarified  and  concentrated.  The 
asparagin  is  deposited  in  colorless  crystals.  It  Is  only  slightly 
soluble  in  cold  water  and  alcohol,  but  is  more  soluble  in  hot 
water.  It  forms  combinations  with  both  bases  and  acids. 
When  boiled  with  these  agents,  it  loses  ammonia  and  is  con- 
verted into  aspartic  acid. 

OH»N»0»    +     H^O    =    NH''    =     C*H'NO* 

Aaparagln.  AstNtrtic  acid. 

Aspartic  Acid,  C^H^NO*,  forms  rhombic  crystals,  slightly 
soluble  in  cold,  and  more  soluble  in  hot  water.  Like  glycocol, 
aspartic  acid  can  form  compounds  with  both  acids  and  bases. 
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TARTARIC  ACID. 
C<H«0«  =  C0.0H-CH(0e)-CB(OH}-CO.0H 

This  importanl  add  was  disrovered  by  Scheele  in  the  Wrtsr. 
nr  'trgol,  wliich  is  deposited  in  casks  in  which  wine  is  Up. 
It  is  prepared  from  purified  Utrtar,  called  cream  of  lartur,  whii'li 
is  ai-id  tartrate  of  potasaiuiu. 

Preparation. — The  salt  is  dissolved  in  boiling  wal*r,  »ml 
uholb  IS  adilud  until  all  cfferveecence,  due  to  ihe  disengage- 
ment of  carbon  dioxide,  ceases.  Insoluble  calcium  tartrate  ia 
deposited,  and  potassium  neutral  t«rtrHt«  remiuns  in  aohtion. 
The  calcium  tartrate  is  collected  on  a  filter,  and  the  filtrate  a 
precipitated  b;  calcium  chloride.  A  new  portion  of  insuhble 
calcium  tartrate  is  thus  obtained,  and  is  washed  and  united  with 
the  first  portion.  This  salt  is  then  suspended  in  water  tuiil 
exactly  decomposed  by  dilute  sulphuric  acid ;  calcium  aulpbat" 
is  precipitated,  and  separated  by  filtration,  and  the  filtcrwl 
liquid,  when  sufficiently  concentrated  and  allowed  tu  evaponte 
in  a  warm  place,  deposits  crystals  of  turiaxio  acid. 

Fropertiei. — Tartaric  acid  cry  stall  i»es  in  large,oblimie  rhoto- 
bic  prisms,  which  often  present  hemiheilral  facettes.  Thejinf 
unaltered  by  the  air,  and  dissolve  in  about  half  their  weiglit 
of  cold  water  and  still  more  abundantly  in  boiling  wilcr. 
They  dissolve  also  in  iJcohol,  but  not  in  etoer. 

The  a()ueous  solution  uf  tartaric  acid  turns  the  plane  of 
polarization  to  the  right.  It  forms  white  precipitates  in  lime- 
water  and  baryta-water,  but  an  excess  of  the  avid  redisselTM 
tbene  precipitates. 

If  an  excess  of  tartaric  acid  be  added  to  n  solution  of  cupric 
Hulpbate,  the  liquid  may  be  saturated  with  potassium  hydrat«< 
but  no  precipitation  of  cuprie  hydrate  will  take  place.  Tli' 
liquid  will  remain  transparent  and  will  assume  a  beantifiil 
dark-blue  color;  it  is  called  cupro-potauic  toluliou.  In  tbe 
same  manner,  ferric  chloride,  to  which  tartaric  acid  has  bees 
added,  is  not  precipitated  by  an  excess  of  potassium  hjdraif. 

When  tartaric  ucid  is  fused  with  potassium  faydrntc,  it  is 
decomposed  into  acetic  and  oxalic  aciiht. 

C'lrO*  =  CH-O*  +  CHPO* 

Action  of  Heat  in  Tartario  Acid.—!.  Tartaric  acid  fne» 
between  17(1  imd  l^^U^.und  when  the  action  ot  the  heat  is  not 
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prolon^^y  it  is  conyerted  into  an  isomerio  aoid,  called  meict- 
tartaric, 

2.  If  the  acid  be  maintained  for  some  time  in  Vision,  it 
loses  water  and  is  converted  into  ditartaric  acid, 

2C*H*0«  =  C»H»»0"  +  H'O 

Ditartadc  acid. 

3.  When  15  or  20  grammes  of  tartaric  acid  are  suddenly 
heated  over  a  naked  fire  for  four  or  five  minutes,  the  mass 
swells  up  and  a  deliquescent,  yellow,  spongy  mass  is  obtained, 
which  constitutes  what  is  called  tartaric  anhydride. 

Tartaric  aiih>dride. 

When  heated  for  some  time  to  150°  in  a  hot-air  oven,  tar- 
taric anhydride  becomes  insoluble. 

4.  When  tartaric  acid  is  distilled  by  heating  it  gradually  in 
a  retort  to  300°,  it  is  transformed  into  two  pyrogenous  acids, 
pyruvic  and  pyrotartaric  acids. 

Pyruvic  acid. 

2C*HHy'  =  C*H«0*  +  3C0'  +  2H^0 

Pyrotartai  ic  acid. 

It  is  seen  that  these  acids,  produced  by  the  action  of  heat 
on  a  complex  organic  acid,  differ  from  the  latter  only  by  the 
elements  of  water  and  carbon  dioxide.  Such  is  the  law  of 
pyrogenous  acids  established  by  Pelouze. 

When  tartaric  acid  is  heated  to  170°,  in  sealed  tubes,  with 
water,  it  undergoes  a  remarkable  modification  :  it  is  converted 
into  paratartaric  acid  and  inactive  tartaric  acid  ;  the  latter  is  so 
named  because  it  is  without  action  on  polarized  light,  and 
cannot  be  broken  up,  as  can  paratartaric  acid,  into  a  dextrogy- 
rate and  a  levogyrate  acid  ( Jungfleisch). 

Action  of  Nitric  Acid  upon  Tartaric  Acid. — Very  con- 
centrated nitric  acid  converts  tartaric  acid  into  nitrotarfaric 
add,  OH*(N0')*0«  (Dessaignes).  This  body  may  be  obtained 
in  crystals,  but  it  Is  not  stable.  Its  aqueous  solution  decom- 
poses between  40  and  50°,  with  a  brisk  effervescence  of  carbon 
dioxide,  and  formation  of  oxalic  acid.  When  the  decompo- 
sition takes  place  below  36°,  a  peculiar,  crystallizable  acid  is 
formed,  which  Dessaignes  has  named  tartronic  acid.  Its  com- 
position corresponds  to  the  formula  O^H^O^  (see  page  595). 
AA  51 
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TARTRATES. 

Tartaric  acid  is  dibasic ;  it  contains  two  hydrogen  atoms 
which  are  replaceable  by  an  equivalent  quantity  of  metal. 
Neutral  tartrates  and  acid  tartrates  are  known. 

g  I  C*U*0»  ^,  I  C*n*0«  ^,  I  C*H*0«,  or  R"C«H*0« 

Tartoric  acid.  Acid  tartrates.  Neatral  tutimtee. 

Neutral  tartrates  are  known  in  which  one  atom  of  metal  is 
replaced  by  a  monatomic  oxidized  group,  such  as  (SbO)', 
(FeOy,  (BoO)'. 

h|c*H^O'     (SbOr  1  ^*"*<>*  (FeOr}c*«*0*  (Boo"^'}^^*^ 

Potaasium  Tartar-emetic.         Ferru-potaMium  tartrate.         Boro-fotaaiaBi 

acid  tartrate.  tartratf. 

Potassium  Acid  Tartrate,  or  Cream  of  Tartar,  KHC'H'O'. 
is  prepared  from  the  crude  tartar  of  wine-casks  by  subjectiDg 
that  product  to  several  crystallizations  in  boiling  water.  It 
crystallizes  in  right  rhombic  prisms,  very  slightly  soluble  in 
water.  If  a  concentrated  solution  of  tartaric  acid  be  added 
to  a  saturated  solution  of  potassium  chloride,  a  precipitate  of 
potassium  acid-tartrate  will  be  formed  on  agitating  the  liquid. 

Potassium  Neutral  Tartrate,  K^C*H*0*.--This  salt  b  pre- 
pared by  neutralizing  a  boiling  solution  of  cream  of  tartar 
with  pota-ssium  carbonate.  The  evaporated  solution  depositt 
on  cooling  oblirjue  rhombic  prisms,  very  soluble  in  water. 

Potassium  and  Sodium  Tartrate,  ^  ]  c*ii*o«  +  4U«o.-Tbi8 

salt,  which  is  much  usod  in  medicine,  was  discovered  in  1672 
by  Sei,L::nettc,  a  pharmacist  of  Rochelle  ;  hence  it  is  often  called 
llochollc  salt,  or  Seignetto's  salt.  It  is  prepared  by  neutralizing 
a  boiling  solution  of  cream  of  tartar  with  sodium  carbonate^  and 
evaporating  the  solution.  On  cooling,  the  double  tartrate  is 
deposited  in  large,  beautiful  crystals,  eight-sided  right  rhombic 
prisms. 


ANT1M0NI0-P0TA8SIUM  TARTRATE,  OR  TARTAR- 
EMETIC. 


(SbOj^ 


C^H^O* 


This  salt  is  prepared  by  boiling  cream  of  tartar  with  water 
and  oxide  of  antimony,   which  dissolves  abundantly  in  the 


liquid.     Aftn-  filtnttaii  and  cooling,  (he  sak  la  depoeited  i 
oryauls  whivli  an!  purified  b^  a  second  crjBUllixjiiuu. 

Tartar-emolic  crysUiHiies  lu  rliambic  octahiilni.  aiiJ  the  i 
tab,  whicli  eitiiLiiu  out  inuk>cul<j  ul'  wuUt  uI'  cryxinlUtatioi 
two  moki'ulw  of  Halt,  efflunwi.'e  ui  dr^  lur. 

lis  latte  is  uHtriujnut  and  nauw-uuu^'.     It  dueiilv 

iiutf)  (if  cold  wut<?r  aiid  ill   about  two  [larta  of'  lioiliug  w 
i  ifl  iiiwilublp  ill  aluobol. 

Wt«!ii  Ui'aKHl  lo  2111)"  it  Intu^s  tll(^  clfmi'iiu'  ol'  waior  and  ti 
rciiirertt--(l  into  a  dnnblv  tanrnt^-  i>i' nntimnny  and  potaieium,  f 
wliiuh  iht?  irivRlcnt  anlimoDy  mplacra  S  ntoms  of  tiydrogcn  S 

CU'tSbOj'KO-  ^  C*H'r!L"'IlKO*  +  H'O 


uraiige  predpitate  of  antiraoM 


n  heated  to  redne«a  in  a  eniall.  covered  crucible,  tart 
<i  IcBves  an  alloy  of  pota/ssintii  and  antimoDy,  diflaeminat 
^^  ,_.  of  charcoal.     Wlicn  this  mass  is  expused  lo  niffl 

air,  it  suddenly  takea  fire  iiiiil  explodes,  projecting  brillia 
epvkf!. 

Thp  followiog  are  the  characlfxisiies  of  a  solution  of  ti 
omrtic : 

Uydroji^n  Rulphidi:  fonuH  u 
eulpnidc, 
H^A  Few  drops  of  hydrochloric  aiid  cauBt*  the  appearance  a 
^^^Bilfl  precipiUUe  of  antimony  oxycbloriile,  nhich  disappc  ' 
^^^B  exixfB  of  add. 

^^^Rtaaaiuu  hydrate  prodnetsi  a  wUitn  jirt-dpitate  of  antimon 
HPHse,  vhich  redieeolvea  in  an  cxm:9«  of  alkali. 
A  iilaio  of  tin  immeTBtd  in  a  solution  of  erne 
ueUllii^  untimony  as  a  black  dvpont. 

1\Lnar-emetic  is  a  mucli  employed  medicine.     In  large  doa 
or  BUialk-r  -mes  fr«|uently  r<rpentcd,  it  is  an  enei^tie  pcusOD. 

FerTO-Fotassiiim  Tartrate. — This  salt,  is  prepared  by  di»- 

atdviD^  ferrii.'  hydrate  in  i-ffiim  ol'  tnrtar,  and  ovapomting  the 

iiiilutioii.     It  lormM  browti.  uiiKirnbouB  scaled,  very  soluble  io 

»«t<T.     It  i,^  u«-d  iu  uii'didno.  ■" 

Boro-potaiBiiuii  Tartrate  is  fiirm<^  when  boric  acid  is  d 

'  *     a  boiling  solution  of  cream  of  tartar.     It  U 

.,  very  soluble  iu  water. 


c  precipita 
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PARATARTARIC  ACID. 
C«HiH)"  +  2HH) 

This  acid,  which  is  isomeric  with  tartaric  acid,  exists  in  cer- 
tain tartars.  It  was  discovered  in  1822  by  Kestner,  and  has 
been  studied  by  Berzelius  and  by  Pasteur. 

It  crystallizes  in  transparent,  dissymetric  prisms,  which  efflo- 
resce in  the  air,  losing  their  water  of  crystallization.  It  di^ 
solves  in  5.7  parts  of  water  at  15^.  Its  solution  does  not 
change  the  plane  of  polarized  light,  but  Pasteur  has  succeeded 
in  separating  it  into  two  other  acids,  both  of  which  are  opticallj 
active.  One  of  them  turns  the  plane  of  polarization  to  the 
right,  and  is  ordinary  tartaric  acid;  the  other  deflects  it  to  the 
left,  and  is  levo-tartaric  acid.  These  two  acids,  which  are  i«)- 
meric  with  each  other,  reproduce  paratartaric  acid  when  thej 
are  mixed  in  equivalent  proportions.  It  is  somewhat  remark- 
able that  the  mixture  of  their  solutions  is  attended  by  i 
development  of  heat  (Pasteur). 

The  solution  of  paratartaric  acid  precipitates  solutions  of 
sulphate,  nitrate,  and  chloride  of  calcium,  a  character  which 
tartaric  acid  does  not  possess. 

Independently  of  dextro-tartaric  acid,  levo-tartaric  acid,  and 
paratartaric  acid,  there  is  a  fourth  isomeride,  which  is  tnactke 
tartamc  acid.  It  exerts  no  action  on  polarized  light,  and  cannot 
be  separated  into  two  active  acids  (Pasteur). 

Jungfleisch  has  shown  that  these  various  modifications  of  tar- 
taric acid  may  be  produced  at  will  by  the  action  of  a  tempera- 
ture of  about  170°  on  a  solution  of  ordinary  tartaric  acid. 

PYROQENOUS   ACIDS  DERIVED   FROM   TAR- 
TARIC  ACID. 

Pyruvic  Acid,  CH^C  =  CH»-CO-CO.OH.— This  add, 
which  is  produced  by  the  dry  distillation  of  glycerin,  tartaric 
and  pjrotartaric  acids,  is  formed  synthetically  by  the  action  of 
concentrated  hydrochloric  acid  on  acetyl  cyanide. 

Co'cN       +        2H.0        -        CO<C5*og     +     NH» 

Acetyl  cyanide.  PyruTic  add. 

This  reaction  determines  the  constitution  of  pyruvic  acid,  and 
shows  that  it  contains  the  group  carbonyl,  CO,  like  acetone, 
CH'-CO-CH'.  All  acids  containing  the  group  CO  are  called 
acetonic  or  ketontc  acids. 
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PjrQvio  acid  is  a  liquid,  soluble  in  water,  alcohol,  and  ether ; 
8  odor  is  like  that  of  acetic  acid.  It  boils  at  165-170^,  being 
utiallj  decomposed  into  carbon  dioxide  and  pjrotartario  acid. 

2(?H*0»    =    CW    +     C*HHy 

FyrnTic  acid.  PyroUrtaric  add. 

With  sodium  acid  sulphite  it  forms  a  crystallizable  compound, 
1  evidence  of  its  acetonio  nature. 

Under  the  influence  of  nascent  hydrogen  it  yields  ordinaiy 
ctic  acid. 

CB»-C0-CO.OH  +  H«  =  CH»-CH.OH-OO.OH 

Pyrotartaric  Acid,   (?H«0*  =  CH»-0H(CO.OH)-CH«- 

O.OH. — This  acid,  of  which  the  mode  of  formation  has  been 

ready  indicated,  is  one  of  the  four  acids  of  the  formula  C*B"0*, 

'  which  theory  predicts  the  existence.     It  has  been  obtained 

nthetically  by  the  action  of  boiling  potassium  hydrate  on 

opylene  cyanide. 

CH«  CH» 

CH.CN       +        4H«0        -        CH-CO.OH     +    2NH» 

CH*CN  CH*-CO.OH 

Propjlene  cyanide.  Pyrotartaric  acid. 

It  is  prepared  by  rapidly  distilling  a  dry  mixture  of  tartaric 
id  and  pumice-stone. 

It  crystallizes  in  small  rhomboidal  prisms,  soluble  in  water, 
x>hol,  and  ether.  It  melts  at  112°.  When  heated  for  a  long 
ne  to  about  210°,  it  decomposes  into  carbon  dioxide  and 
tyric  acid. 

C'H^O*  =  CO'  +  C^H^O 

CH'— CO  OH 
Normal  pyrotartaric  acid,  ^^**^rH'-rO  OH'  ^^  foroied 

len  normal  propylene  cyanide,  CH'.CN-CH»-CH'-CN,  de- 

^ed  from  normal  propylene  chloride,  is  boiled  with  potassium 

drate. 

It  crystallizes  in  large  dinorhombie  tables,  fusible  at  97°, 

uble  in  1.2  parts  of  water  at  14°.     It  distils  almost  unaltered 

jrards  300°  (Reboul). 

CITRIC   ACID. 

This  acid,  discovered  by  Scheele  in  1784,  is  largely  diffused 
roughout  the  vegetable  kingdom.  It  exists  in  lemons,  oranges, 
les,  currants,  raspberries,  cherries,  etc. 


e-ijfc 
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It  may  be  adyaDtageonsly  prepared  ftom  kmoo-jaioe,  wUch 
is  allowed  to  stand  until  it  b^ns  to  ferment,  and  is  then  filtered, 
and  saturated  with  chalk  while  boiling.  The  precipitate  of 
calcium  citrate  is  washed  with  boiling  water,  and  decomposed 
by  a  slight  excess  of  dilute  sulphuric  add.  The  liquid  se]tt- 
rated  from  the  calcium  sulphate  yields  crystals  of  citric  add 
after  concentration. 

Grimaux  and  Adam  have  made  the  synthesis  of  citric  acid 
from  dichloracetoDe,  CH*C1-C0-CH*C1,  which  is  produced  bj 
the  dehydration  of  a  dichlorhydrin  (page  574)  by  a  mixture  of 
potassium  dichrom^  and  sulphuric  acid.  Like  all  of  its  ani- 
logues,  this  acetoqe  combines  directly  with  hydroi^nic  add, 
yielding  the  cyanide 

CBPca 

h(m!j-cn 

6h«ci, 

which  by  the  action  of  alkalies  or  adds  (hydrodilorio  add 
answers  best)  yields  the  acid 

CH«C1 
HO-(I}-CO.OH 

6h«ci 

An  alcoholic  solution  of  the  sodium  salt  of  the  latter  tdd 
(dichloroxisobutyrio)  heated  with  potassium  cyanide  furnishes 
the  cyanide 

CH«-CN 

HO-(!)-CO.OH 

6h»-cn 

This  is  saturated  with  hydrochloric  acid  gas,  and  a  solutioo 
containing  citric  acid  is  obtained,  from  which  calcium  citrate  is 
precipitated  when  the  liquid  is  neutralised  with  milk  of  lime. 

CH»-CN  CH»-CO.OH 

HO-('}-CO.OH  +  4H»0  =  H0-6-C0.0H      +  2NH' 

Ah>-cn  6h«-co.oh 

Properties. — This  acid  forms  large,  colorless  crystals,  derifed 
from  a  ri<!ht  rhombic  prism.  It  dissolves  in  three-foorihs  itt 
weight  of  cold  and  half  its  weight  of  boiling  water. 
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Fused  potasEAnm  hydrate  converts  citric  add  into  oxalio  and 
acetic  acids. 

(?RHy  +  IPO  =  CH'O*  +  2(?H*0» 

The  solution  of  citric  acid  has  an  acid  reaction  and  a  very 
sour  taste.  It  does  not  precipitate  lime-water  in  the  cold,  hut 
the  solution  becomes  clouded  after  boiling. 

Citric  acid  is  tribasic. 

Magnesium  citrate,  which  is  soluble,  is  employed  in  medi- 
cine ;  it  is  a  purgative,  having  a  sweetish  taste.  Ferric  citrate 
also  is  used  in  medicine. 

PYROGENOUS  ACIDS  DERIVED  FROM  CITRIC 

ACID. 

Aconitic  Acid,  CHH)*. — When  citric  acid  b  heated,  it 
melts;  at  176°  it  disengages  water  and  is  converted  into 
aoonttio  acid 

CHMX).OH  CH*-C0.0H 

HO-(i-CO.OH        -        C-CO.OH        +        H«0 

CH«-C0.0H  CH-CO.OH 

Citric  acid.  Aconitic  acid. 

Aconitic  acid  was  first  obtained  from  aconite  (Aconitum  Nd- 
peUus),  It  also  exists  in  shave-grass  (^Equisetum  fluviatile)  and 
in  sugar-cane.  It  crystallizes  in  little  scales,  soluble  in  water, 
alcohol  and  ether.  It  fuses  at  140°,  and  when  further  heated 
it  loses  carbon  dioxide,  and  is  converted  into  itaconio  acid  and 
citraoonic  anhydride. 

(?R^    =    CO*    +     C»H«0* 

ItacoDio  and  citraconio  addfl. 

C*H«0*    =    C^H^O*    +     H«0 

Citraconic  aDhydride. 

Aconitic  acid,  being  unsaturated,  is  converted  by  the  action 
of  sodium  amalgam  into  tricarballylic  acid  by  combining  with 
two  atoms  of  hydrogen. 

CH-CO.OH  CH«-C0.0H 

ti-CO.OH-  +        H«        -        CH-CO.OH 

CHMX).0H  CH2.C0.0H 

Aoonltic  add.  Tricarballylic  add. 

The  latter  acid  is  so  named  because  it  was  first  obtained  by 
the  hydration  of  allyl  tricyanide,  CH*(CN)»,  corresponding  to 
tllyl  tribromide,  or  tribromhydrin  (page  576). 
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Itaconio,  Citraoonio,  and  Mesaoonie  Aeidi»  C*H*0*.^ 

These  three  acids  are  iMimeric.  The  first  two  are  formed  bj 
the  action  of  heat  on  citric  and  aconitic  aoids ;  both  of  which 
are  by  dehydration  converted  into  citraconic  anhydride.  Citn- 
conic  acid  is  converted  into  mesaconic  acid  when  it  is  boiled 
with  dilute  nitric  acid,  or  when  heated  to  100°  with  oonceo- 
trated  hydrochloric  acid.  The  three  acids  are  unsaturated, 
and  can  combine  with  nascent  hydrogen,  forming  pyrotartaric 
acid. 

(?H«0*  +  H«  =  CHH)* 

Itaconic  acid  crystallizes  in  rhomboidal  octahedra,  liisible  at 
161°,  soluble  in  seventeen  parts  of  water  at  10°.  When 
strongly  heated  it  yields  citraconic  anhydride,  which  distils. 

Citraconic  acid  crystallizes  in  quadratic  tables,  fusible  at  80°. 
It  is  much  more  soluble  in  water  than  itaconic  acid,  and  deli- 
quesces in  moist  air.  Its  anhydride,  C^H^O*,  is  an  oily  liquid, 
buiiiog  at  213-214°.  On  contact  with  water  it  regenemies 
citraconic  acid. 

Mesaconic  acid  forms  brilliant  prisms,  fiisible  at  202°,  only 
slightly  soluble  in  cold  water.  At  250°  it  decomposes  into 
water  and  citraconic  anhydride. 


URIC  ACID. 

^NH— CO-C-NH^ 

C0<  I         >C0 

This  body  is  related  to  the  complex  organic  acids  which 
have  just  been  studied.     Among  the  numerous  products  de- 

COOH 
rived  from  its  oxidation,  we  may  mention  oxalic  acid,    '    ^n' 

and  an  acid,  CO(COOH0  +  H'O  or  C(OH)»(COOH)»,  which 
has  been  called  mesoxalic. 

Uric  acid  was  discovered  by  Scheele,  and  its  numerous  meta- 
morphoses were  the  subject  of  a  chissic  research  by  Liebig  and 
Wohler,  and  have  been  mure  recently  studied  by  Baeyer  and 
other  chemists. 

Preparation. — Uric  acid  may  be  extracted  from  the  excre- 
ments of  serpents,  from  guano,  and  from  certain  urinary  cal- 
culi, which  are  almost  entirely  composed  of  it.  These  sub- 
stances are  reduced  to  a  fine  powder,  boiled  with  potassium 
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carbonate  and  lime,  and  the  solution  filtered.  The  colored 
solution  of  potassium  urate  is  mixed  with  a  solution  of  ammo- 
nium chloride,  which  produces  a  white  precipitate  of  ammonium 
urate.  This  salt  is  well  washed,  and  treated  with  hydrochloric 
acid,  which  sets  free  uric  acid. 

Uric  acid  may  be  obtained  from  guano  by  boiling  that  sub- 
stance with  an  aqueous  solution  of  borax  (^borax  1,  water  120). 
The  boiling  solution  is  filtered,  and  after  cooling  is  precipitated 
by  hydrochloric  acid. 

J.  Horbaczewski  has  made  the  synthesis  of  uric  add  by 
heating  a  mixture  of  urea  and  glycoool  to  200-230^. 

3C0N«H*  +  CH»N(y  =  C*H*N*(y  -f  3NH»  +  2HH) 

Urea.  GlyooooL  Uric  acid. 

Properties. — Pure  uric  acid  is  a  light,  white  powder,  which 
has  a  crystalline  aspect  under  the  microscope.  When  slowly 
separated  from  dilute  solutions,  it  sometimes  ibrms  larger  crys- 
tals, containing  2  molecules  of  water  of  crystallization.  It  is 
often  deposited  from  urine  in  small  rhomboidal  tables  of  a 
brownish-yellow  color. 

Uric  acid  is  insoluble  in  alcohol  and  in  ether.  It  requires 
15,000  parts  of  cold  water,  or  1800  parts  of  boiling  water, 
for  its  solution.  It  dissolves  in  solutions  of  the  alkalies,  form- 
ing neutral  urates  containing  two  atoms  of  the  alkaline  metal. 
It  is  therefore  a  dibasic  acid.  When  carbonic  acid  gas  is 
passed  into  a  solution  of  a  neutral  urate,  an  acid  urate,  which 
is  almost  insoluble,  is  precipitated. 

Hydrochloric  acid  forms  a  thick,  white,  gelatinous  precip- 
itate of  uric  acid  when  added  to  the  solution  of  a  urate. 

When  uric  acid  is  heated  to  160  or  170°  with  an  excess  of 
hydriodic  acid,  it  absorbs  water,  and  is  decomposed  into  glyco- 
col,  carbonic  acid  gas,  and  ammonia  (Strecker). 

(?H*N*0»  +  5W0  =  C'H^NO'  +  3C0«  -f  3NH' 

Uric  add.  Glycocol. 

If  a  small  quantity  of  uric  acid  be  gently  heated  with  nitric 
acid  in  a  porcelain  capsule,  it  is  dissolved  with  a  disengagement 
of  red  vapors,  and  the  solution,  evaporated  at  a  gentle  heat, 
leaves  a  residue  which  assumes  a  purple  color  on  the  addition 
of  a  drop  of  ammonia. 

This  test  is  characteristic  of  uric  acid,  and  permits  the  de- 
tection of  the  least  traces  of  that  substance.  The  purple  body 
formed  is  called  murexide. 
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DERIVATIVES  OF  URIC   ACID. 

Among  ihe  numerous  compounds  which  may  be  derived  from 
uric  aeid,  some  are  close!;  related  to  oxalic  acid,  or  oiher  aai 
containing  two  carboD  atoms ;  others  are  deriveO  from  mesoiBlie 
acid  (see  farther  on),  which  ooDtaina  three  carbon  atom!.  All 
or  these  derivatives  are  more  or  lees  closely  related  to  urea ;  ihv; 
are  substituted  ureas,  and  are  more  specinlly  d«si^ated  by  the 
name  ureida.  ThoRe  related  to  mesoxolic  acid  are  the  loort 
direct  derivatives. 

AUoxan,  C'H'N'O.— Tbia  body  is  one  of  the  products  of 
the  oxidation  of  uric  aviA  by  nitric  acid ;  urea  is  formed  at  the 


C'H'N'O"  +  H'O  -f  O  =  PH'NK)*  +  CII'N'H) 


It  may  be  prepared  by  introdncing  uric  acid,  i 
Rmall  ^UHUtitice,  iutti  nitric  acid  of  a  density  of  1.41-1.4:1.  aa 
lon^  aa  it  dissolves  producing  red  vapors.  The  alloxan  finaiiv 
sepatules  in  a  mass  of  delicate  needles;  in  about  twenty-four 
hours  tlicy  are  drained  and  dissolved  iu  water  at  6(1  or  l>5'. 
On  cooling,  the  alloxan  separatee  in  voluminous  crystals  con- 
taining 4  molecules  of  water  of  crystal  iiiation.  They  offln- 
resce  in  dry  air. 

When  crystalliicd  from  a  hot  solution,  wlluxan  forms  rhombic 
octaliedra,  containing  but  a  sin<;le  molecule  of  water. 

It  is  very  soluble  in  water,  and  the  solution  IB  acid.     By  the 
action  of  alkalies,  baryta-wiiter  for  examplt^,  Rlloian  is  con- 
verted into  allnxonic  add,  which  is  formed  by  tlie  direct  com- 
binalioR  of  the  elementti  nf  one  moleculeof  wuter  witballoiao. 
C^H'N'O'  +  H'O  =  Cn'N'C 

Allniin,  Allo»nl<]  srid. 

The  alloxanates  are  decomposed  by  boiling  inl«  inesoiali^ 
acid  and  urea.  Thus  if  a  solution  of  oltoxanic  acid,  or  even 
alloxane,  be  added  to  a  boiling  solnlion  of  lead  acetate,  a  precipi- 
tate of  lead  raesoxalute  is  formed. 

CH'N'O'     +     HH)    =     CO'H'     +     CHWO 

Me*o^.nh-e  arid,  C!"0'(OH)'  =.  CO.OH-CO-CO.OH,  is » 
dibasic  acid.     AciHjrding  to  Bseyer,  its  diatomic  radical,  m» 
oxolyl,  existH  in  alloxan  itself,  nbicb  is  mosoxalylorea,  I] 
is,  urea  in  wbiub  two  atoms  of  hydrogen  are  replaced  \ 
dJAtomic  radical  ( CO' J". 
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co<S2;         co<|™>c.o.  co<«i;CK'^«o.oH 

Urea.  Meioxalyl-area  Alloxanlo  or 

(alloxAo).  metuzalario  add. 

Dialnrio  Aeid,  C^U^N'O^,  is  the  product  of  the  prolonged 
action  of  hydrogen  sulphide  on  a  hot  solution  of  alloxan  or 
alloxantin. 

OH*N»0*    +     H'S    =     C*H*N>0*    +    S 

Alloxan.  Dialuric  acid. 

It  is  also  formed  by  the  action  of  sodium  amalgam  on  the 
same  solutions. 

It  crystallizes  in  long  needles,  quite  soluble  in  water ;  these 
crystals  assume  a  red  color  in  the  air,  and  are  gradually  trans- 
formed into  alloxantin. 

When  a  solution  of  alloxan  is  added  to  a  solution  of  dialuric 
acid,  alloxantin  is  formed. 

C*H*N»(y    +     C*H'N»0*    =    C«H*N*0^    +     H«0 

Dialuric  acid.  Alloxan.  Alloxantin. 

Baeyer  regards  dialuric  acid  as  tartronyl-urea,  that  is,  urea 
in  which  two  atoms  of  hydrogen  are  replaced  by  the  diatomic 
radical  of  tartrooic  acid. 
CO.OH 

Sh      ^<SS     co<nh-co^co    co<nh-co^ch.oh 

Tartronic  add.       Urea.  Alloxane.  Dialuric  add 

(tartronyl-urea). 

Barbituric  Acid,  C*H*N='0».— This  acid,  which  is  malonyl- 
urea,  is  formed  by  the  action  of  napcent  hydrogen  on  dibrom- 
alloxane. 

CO<55g:^g>CBr'  +  2H'=  2HBr+  C0<5!^:gg>CH' 

Dibromalloxane.  Barbituric  add. 

It  crystallizes  in  large  prisms,  slightly  soluble  in  cold  and  more 
soluble  in  boiling  water.  Ebullition  with  alkalies  converts  it 
into  malonic  acid  and  urea. 

Malonyl-urea.  Malonic  add.  Urea. 


Alloxan,  dialuric  and  barbituric  acids,  which  have  been  de- 
scribed, are  ureides  derived  from  a  single  molecule  of  urea  by 
tbe  substitution  of  the  radical  of  a  dibasic  acid  for  two  atoms 
of  hydrogen.   The  groups  CO*,  (?0»,  C'O'-CH.OH,  (?0«-CH«, 
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which  in  oMlio,me«)«lin 

,  UnroDJc,  aod  mtdoiiic  acida  are  united 

to  two  hjdroxyld,  u: 

redia 

tuniic. 

C0.OU 

CO.OII 

CO.OH 

CO 

CU(OH) 

CH' 

CO.OH 

to.oii 

CO  OH 

T,nn.ulo«M. 

Hllgulc  I.:!!. 

™<!:iii>""' 

f=0<N!I:w>'^H.OH 

M<»>.ly1.iim 

Tmnwo,„\-arm 

ll.I.«.r1.t.n. 

The  fullowiDg  compounds  are  diurcide^;  they  are  derited 
froiu  two  molecules  ol*  urea  id  which  Tour  atoins  of  hydrogen 
are  replaced  by  tirci  dibasic  acid  radicals,  each  of  which  coQlaioa 
thrive  atoms  ol'  airbon  and  is  related  to  mesoxalyl : 

Alloxantin,  C'H'N'O'.— Thia  hody  is  pr<Kluwd  by  the  re- 
duction of  alloxaD.  When  »  current  of  hydnigen  sulphiile  is 
paiwed  through  a  cold  solution  of  alloxan,  sulphur  separates. 
and  a  crystalline  precipitate  of  alloxantin  soon  fomia, 

2C'H'N'0'  +  H'S  =  CH'N*0'  +  H-O  +  8 

Alloxantin  is  ulso  formed  directly,  at  the  sauic  time  a) 
alloxan,  by  the  action  of  weak  nitric  acid  on  uric  acid,  It 
crystallises  in  small,  colorless  prisma  coutmning  'i  molecultt 
of  water  of  crystallization.  It  is  but  elightly  soluble  in  cold 
water.  Nitric  acid  convcrtfl  it  into  alloxan,  and  reducing  agents 
trani^form  it  into  dialnric  acid, 

Pttrpario  Acid  and  Horexide. — Schcelo  had  already  ob- 
served murexide,  which  Prout  studied  and  described  as  pii'- 
ptirale  of  ammonin.  It  is,  indeed,  the  ammonium  salt  of  i 
nitroyienized  acid,  CH'N'O',  for  which  it  is  convenient  to  pre- 
serve the  name  purpuric  acid  (Beilatein). 

Murexide  is  formed  by  the  action  of  ammonia  on  dij  alloi- 
antin  heated  to  100°,  or  again,  when  ammonia  or  ammoninoi 
carbonate  is  added  to  a  hot  solution  of  alloxantin  or  alloxan. 

CH'N'O'     4-     2NH'    =     CH'(Nn'jNH>"     +     HH) 

Allox-nim.  Mdr».M.  (■unrnotilnm  ImrpnBWl. 

Murexide  crystollizea  in  tjuadrangular  prisms,  or  in  tables 
which  are  green  by  reflected  and  red  by  transmitted  light 
These  crystals,  which  contain  one  molecule  of  water,  prewnt 
the  magnificent  metallic  reflections  shown  by  the  wings  of  cu- 
tharidcs.     They  dissolve  in  water  with  a  rich  purple  color, 

Allmtoin,  CH'N'O'.— This  body  was  discovered  in  1800, 


i»Kia\'ATiVKs  (tF  I'wir  Arii>  (ji;; 

by  \  aufjUi'lin  and  Biuiiva,  in  the  allantoic  li<jnid  of  \]ui  cow, 
that  is,  the  urine  of  the  f'cotal  calf.  It  occurs  also  in  the  urine 
of  young  calves.  In  1836,  Liebig  and  Wohler  obtained  it  by 
oxidizing  uric  acid  with  lead  dioxide.  Qonip-Besanez  has 
obeerved  ita  formation  in  the  action  of  osone  upon  uric  acid. 

Grimaox  has  recently  made  the  synthesis  of  allantoin  by 
heating  one  part  of  glyoxylic  acid  with  two  parts  of  urea,  for 
eight  or  ten  hours. 

C'H*(y    +     2(CH*N»0)    =    C*H«N*0'     +     2HK) 

Glyoxylic  acid.  Urea.  Allantoiu. 

From  this  remarkable  synthesis,  it  appears  that  allantoin  b 
derived  from  two  molecules  of  urea ;  it  is  the  diurcide  of  gly- 
oxylic acid. 

Allantoin  may  be  prepared  by  boiling  uric  acid  with  water, 
and  adding  lead  dioxide,  in  small  quantities,  as  long  as  that 
oxide  continues  to  be  converted  into  a  white  powder,  which  is 
lead  carbonate.  The  filtered  liquid,  freed  from  lead  by  hydro- 
gen sulphide,  yields  crystals  of  allantoin  on  evaporation. 

C*H*N*0'    +     H*0    +     0    =    C'H«N^O»    +     CO* 

Uric  acid.  Allantoin. 

Allantoin  crystallizes  in  brilliant,  colorless  prisms.  It  dis- 
solves in  30  parts  of  boiling  water  and  in  1 60  parts  of  cold 
water ;  it  is  also  soluble  in  alcohol,  but  is  insoluble  in  ether. 
It  forms  crystallizable  compounds  with  certain  metallic  oxides. 

The  following  compounds  are  ureides  of  oxalic  and  glycolio 
acids : 

Parabanic  Acid,  CH»N»(y.— This  body  is  formed  by  the 
action  of  an  excess  of  nitric  acid  on  alloxan,  which  thus  gives 
up  the  elements  of  carbon  dioxide. 

C*H^N^O*    +    0    =    CO^    +     C'H^N^O' 

Alloxan.  Parabanic  acid. 

Parabanic  acid  forms  thin,  transparent  prisms,  which  are 
very  soluble  in  water.  By  boiling  with  acids,  it  is  transformed 
into  oxalic  acid  and  urea.     Baeyer  regards  it  as  oxalylurea. 

^^     NH-CO 
C0<  I 

NH-CO 

When  parabanic  acid  is  heated  with  ammonia,  ammonium 
oxalurcUe  is  formed,  and  separates  in  fine  needles.  In  this 
case  the  parabanic  acid  is  converted  into  oxaluric  acid  by 
directly  combining  with  the  elements  of  water. 
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CfflW    +    H*0    =    (?H*NH)' 

PanlMuile  Mid.  OiahiileMUL 

It  18  seen  that  oxalurio  aoid  it  ralatod  to  ptnbuiio  add,  is 
allozaoio  add  ia  to  allozao. 

Hydantoiiit  or  Olycolyl  Vim. — ^The  ralationa  between  tUi 
compouud  aod  paialMuiio  add  are  the  aaine  as  those  betweeo 
glyoolic  aod  oxalio  adds.  It  is  glyoolyl  urea,  CH^NH)^,  and 
18  fomied  by  the  actioo  of  hydriodic  add  on  allantoin. 

NH— CH* 
(?H«N«0'  +  2HI  =  C0<         \~  +  CONK)*  +  P 

AlUtntoln.  Bjdantolii.  Uraa. 

It  crystalliies  in  needlee^  fodble  at  206®,  very  soluble  in  hot 
water.  Its  solution  is  neutraL  When  hydantoin  is  heated  with 
baryta-water,  it  is  oonverted  into  hydantoio  acid. 

(?H*NK)»  +  HK)  =  CffNW 

Hjdantoia.  Hjduitolo  Mid. 

Hydantoio  Aoid,  CH*NK)*,  may  be  obtained  synthetaotU; 
by  heating  urea  with  glycoool :  ammonia  is  disengi^ed. 

pf.^NH»     .      NH«  rft<<NH«  .     „«, 

CO<NUj    +     iHMX).OH    "    ^"^NH-CHMX).OH    +    ^^ 
Urea.  GI700C0I.  Hjdantolo  add. 

Indeed,  hydantoio  add  is  formed  by  the  replacement  of  one 
atom  of  hydrogen  in  urea  by  the  group  CH'--CI0.0H,  which  is 
acetic  acid  less  one  atom  of  hydrogen. 

It  crystallizes  in  large,  rhomboidal  prisms,  soluble  in  water. 
It  is  monobasic.  When  heated  with  hydriodic  acid  it  is  oon- 
verted  into  glycocol. 

«'><n3-cii-co.oh    +    h.0   -   CO.   +   nh.   +  ^^^^ 

Hydantoin  and  hydantoic  acid  present  evident  relations  with 
parabanic  and  ozaluiic  acids. 

^  NH-CO  ^^NH-CO-CO.OH 

Parabanic  acid.  Oxalurio  add. 

"^  NH-CO  ^^NH-CH«-CO.OH 

Hydantoin.  Hydantoio  add. 

We  cannot  further  continue  the  study  of  the  numerous  de- 
rivatives of  uric  acid.  This  study  has  already  thrown  great 
light  upon  the  constitution  of  the  add,  without  definitely  de- 
termining it.    The  synthesis  indicated  by  Horbaoewski  (page 
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609),  if  oonfirmed,  will  probably  lead  to  the  exact  molecalar 
stracture  of  uric  acid. 

DERIVATIVES  OF  GUANIDINE. 

There  are  ioterestiog  structural  relations  between  urea  and 
guanidine ;  the  latter  is  urea  in  which  the  oxygen  is  replaced 
by  the  imidogen  group  NH. 

«><Sh»  C(NH)<5H« 

UrM.  Guanidine. 

,  This  analogy  is  borne  out  in  the  guanidine  derivatives  corre- 
sponding to  the  ureides  just  described. 

Hydantoin,  or  glycolyl-urea,  corresponds  to  a  glycolyl-guani- 
dine  which  has  been  named  glycocyamidine. 

OC<r  J,  HN»C<^  1 

^NH-CO  ^NH-CO 

Hjd&ntoin.  Gljrcocjamldlne. 

Hydantoic  or  uracetic  acid  corresponds  to  a  guanidine  acetic 
acid  called  glyoocyamine. 

"^\NH-CH>^CO.OH  "^  -^<-NIl-CH>^CO.OH 

Hydantoic  or  uracetic  acid.  Glycocyamine  or  guanidine- 

acetic  acid. 

Olycocyamine  is  formed  by  the  mixture  of  aqueous  solutions 
of  glycocol  and  cyanamide. 

^^NH  CH«-NH«  „,,  ^^NH» 

^<NH     +       CO.OH  -         H^-C<NH.CH«-CO.OH 

Cyanamide.  Olycoool.  Glycocyamine. 

Our  space  only  permits  the  mention  of  these  bodies,  but  we 
must  describe  their  important  homologues,  creatine  and  creati- 
nine, which  have  long  been  known. 

CREATINE   AND   CREATININE. 

Creatine  results  from  the  direct  combination  of  cyanamide 
and  methylglycocol  (sarcosine),  a  reaction  discovered  by  Vol- 
hard,  and  entirely  analogous  to  that  which  yields  glycocyamine 
(see  above). 

-  >^NH  CH«-NH(CH«)  „„  ^^NIP 

^NH     "*■       CO.OH  "     *^N''^<N(CH»KCHM:0.0H 

Qyanamide.  Methylglycocol.  Creatine. 

Creatinine,  or  methylglycocyamidine,  results  from  the  dehy* 
dration  of  creatine. 
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"~N(CH')-CH'-CO.OH 


HN-C-NH-CO 


L 


CPflatinB,  CHVN'O'  +  H'O.— This  body  was  disrovered  bj 
Chevreul  id  meat  broth.  It  crisis  ready  formed  in  the  mosoles. 
and  pasaea  into  the  extract  of  lueat.  It  may  be  prepared  b; 
Ireaiiag  the  solulioD  of  this  extract  with  basic  acclat«  of  lead. 
filterin}-,  freeing  the  filtrate  from  excesa  of  lead  by  hjdroKtn 
sulphide,  Had  evaporating  the  Bolutioa  at  a  gentle  bent  aniil  it 
cryatallizes.  The  crystals  are  separated  from  the  mother-hquor, 
aod  alcohol  added  to  the  tatter  precipitates  a  fresh  quantity  of 
creatine  (Neabauer). 

Creatine  crystallizes  in  brilHant,  colorless,  oblique  rhombic 
prisnis,  containing  one  moletule  of  water,  which  they  lose  U 
100°,  becomin;:  opaque. 

By  the  action  of  acids  or  by  long  boiling  nith  water,  cm- 
tine  ia  converted  into  creatinine. 

CHTPO'    ^    CH'NH)     -f     H'O 

When  creuline  is  boiled  with  baryta-wBler.  it  b  converted 
into  sarcoKiiie,  ammonia  being  disengaged  and  barium  carbon- 
ate precipitated  at  the  same  lime.  It  is  genendly  consider! 
that  the  ammonia  and  carbon  dioxide  are  produced  in  thia  one 
at  the  expense  of  urea,  which  is  formed  directly  by  the  decom- 
position of  creatine. 

CHWO"     -f-     H'O    =     CH'NO"     +     CH'NH) 

Cr«<lus.  SaniHiiis,  Una. 

Sarcoaine  is  methylglyoocol  (page  589),  isomeric  with  laeti- 
midc  and  nlanine. 

Creatinine,  C'H'N'O.— This  body  exists  in  rauscular  tissue 
independently  of  creatine.  It  may  be  precipitated  from  the 
mother-liquor  from  which  the  lailer  body  has  deposited,  bj 
adding  an  alcoholic  solution  of  line  chloride,  which  fonnt  i 
crystalline  combination  with  the  creaiioine. 

Creatinine  crystallizeB  in  oblique  rhombic  prisms.  It  is  mach 
more  soluble  in  alcohol  than  creatine.  It  biis  basic  propertiff. 
and  fumiB  a  cryHtallizable  compound  with  hydrochloric  acid. 

Creatine  and  creatinine  have  heen  found  not  only  in  the 
moscles,  but  in  small  quantities  in  the  brain,  blood,  and  urine. 
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ALCOHOLS  OF  HIGHER  ATOMICITY. 

One  tetratomic  alcohol  b  known  with  certainty.  It  is  ery- 
thrite,  of  which  de  Luynes  recognized  the  true  nature. 

Glucose,  which  Berthelot  regarded  as  a  hezatomic  alcohol, 
seems  to  fill  a  mixed  function :  it  is  at  the  same  time  an  alde- 
hyde and  a  pentatomic  alcohol. 

The  best  characterized  hexatomic  alcohol  is  mannite,  a  sweet, 
crystallizable  substance,  which  is  extracted  from  manna.  Glu- 
cose is  related  to  manna,  from  which  it  differs  only  by  two 
atoms  of  hydrogen.  The  constitution  of  mannite  may  be  ex- 
pressed by  the  Allowing  formula : 

It  results  from  the  experiments  of  Linnemann  that  various 
saccharine  matters,  possessing  the  composition  C*H"0',  fix  H' 
directly  under  the  influence  of  sodium  amalgam  and  water,  and 
are  converted  into  mannite.  The  latter  body  is  characterized 
as  a  hexatomic  alcohol  by  the  property  which  it  possesses  of 
forming  neutral  compounds  with  6  molecules  of  a  monobasic 
acid,  such  as  acetic  acid.  In  other  words,  this  body  contains 
6  hydroxyl  groups,  or  six  atoms  of  hydrogen  capable  of  being 
replaced  by  6  monobasic  acid  radicals. 

ERYTHRITE. 
C*HW0*=Cm«(0H)* 

This  beautiful  body  was  discovered  in  1849  by  Stenhouse, 
who  found  it  among  the  decomposition  products  of  erythric 
acid  or  erythrin,  a  substance  contained  in  certain  lichens.  In 
1852,  Lamy  obtained  from  an  algae,  the  Protococcm  mdgarisy 
a  substance  which  he  first  named  phycite,  but  which  he  after- 
wards recognized  to  be  identical  with  erythrite. 

Preparation. — De  Luynes  first  extracts  erythrin  from  a 
lichen,  the  RoceUa  Montagnei^  and  decomposes  it,  while  still 
moist,  by  slaked  lime  in  closed  vessels  at  a  temperature  of 
150°.  Under  these  conditions,  erythrin  is  decomposed  into 
carbonic  acid  which  is  at  once  taken  up  by  the  lime,  orcin,  and 
erythrite,  which  are  separated  by  crystallization,  the  orcin  being 
deposited  first.  The  erythrite  is  purified  by  washing  it  with 
ether,  which  removes  a  trace  of  orcin. 

Properties. — Erythrite  crystallizes  in  right  square  prisms. 
The  crystals  are  hard,  have  a  feeble,  sweet  taste,  and  are  very 
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adaUe  is  wtfter,  ioliible  in  boiliitt  abiolate  aloohol,  and  iaiol- 
nble  in  etiher.  They  mdt  at  130^.  Efythrite  reacts  with  the 
adds,  fomiiiig  nentnd  bodies  analogous  to  the  ethers  (Berthdot). 
When  heiS^d  with  a  conoentrated  solation  of  hydriodie  acid, 
it  is  converted  into  seoondaiy  batyl  iodide  (de  Laynes). 

C*H«»0*    +    7HI   =   CSn    +    4HH)    +    3P 

Irjthrite.  SeooodMy  Urtyl  lodlito. 


MANNHB. 
C«HK)«  »  C«H*(OH)« 

This  body,  discovered  by  Ptont  in  1806,  exists  in  a  great 
number  of  vegetables.  It  is  the  most  abundant  constituent  of 
manna,  a  substance  which  flows  from  several  species  of  asb, 
either  naturally  or  from  incisions.  It  is  prepared  by  dis- 
solving manna  in  distilled  water,  in  which  the  white  of  an  ^ 
has  previously  been  beaten  up.  The  solution  is  boiled  severa 
minutes  and  then  filtered  through  a  woollen  cloth  and  allowed 
to  cool.  The  liquid  then  solidifies  to  a  mass  of  crystals  which 
are  purified  by  rccrystallization  after  treatment  with  aninul 
charcoal. 

Mannito  forms  large,  right  rhombic  prisms.  Its  taste  is 
sweet,  and  it  is  soluble  in  water  and  alcohol. 

When  heated  with  a  concentrated  solution  of  hydriodie  acid, 
it  is  reduced  to  a  secondary  hezyl  iodide. 

C»H"0«    +    llHI    =    C»H»I    +    6H*0    +    5P 

Maunite.  /^-sacoDdarjr  kezyl  iudide. 

Berthelot  has  described  a  secondary  hexci-^tearic  numniUj 
containing  C«H«(C»»H»  ()»)•. 

But,  by  the  action  of  many  acids  upon  mannitc,  compounds 
are  obtained  which  are  not  ethers  of  mannite,  strictly  speak- 
ing, but  of  an  anhydride  of  that  body,  to  which  Berthelot  has 
give  the  name  mannttan. 

C«H"0    —    WO    =    C«H»0» 

Mannite.  MannlUn. 


Mannitan  is  isomeric  with  two  sweet  substances,  qnercUtf  or 
the  sugar  of  the  glands,  which  was  discovered  in  the  glands  by 
Braconnot,  and  pinife,  which  has  been  extracted  by  Berthelot 
from  the  resin  of  the  California  pine. 
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Duldte,  CH^H)*,  which  has  been  obtaioed  from  Madagascar 
manna,  exists  in  certain  plants,  such  as  the  Melampyrxim 
nemoroifvm,  the  Scrophularia  nodosa,  the  RhinarUhus  crtsta- 
gaili^  and  the  Euonymus  europaus.  It  forms  large,  oblique 
rhombic  prisms,  and  is  less  soluble  in  water  than  mannite ;  it 
is  but  slightly  soluble  in  alcohol.  It  melts  at  188.5^.  It  dis- 
solves in  the  hydracids  without  producing  heat.  Like  its 
isomeride,  manna,  it  is  reduced  by  hydriodic  acid  to  a  second- 
ary hexyl  iodide  (G.  Bouchardat). 

Sorbite,  C'H^O*,  recently  obtained  by  J.  Boussingault  from 
the  fermented  juice  of  the  mountain-ash,  is  another  isomeride 
of  mannite. 


SUGARS  AND  STARCHES. 

Among  the  more  widely  distributed  products  of  the  vege- 
table kingdom  must  be  included  the  various  kinds  of  sugar, 
starch,  the  gums,  and  the  matter  of  young  vegetable  cells,  or 
cellulose. 

These  compounds  contain  carbon,  hydrogen,  and  oxygen  in 
such  proportions  that  the  oxygen  is  present  in  exactly  sufficient 
quantity  to  form  water  with  the  hydrogen.  Their  composition 
is  then  expressed  by  the  general  formula  C^C  H'O)".  If  all  of 
the  oxygen  and  hydrogen  were  removed  in  the  form  of  water, 
only  carbon  would  remain.  Hence  the  name  hydrates  of  car- 
bon, often  applied  to  this  class  of  bodies. 

Some  of  them  contain  6,  and  the  others  12  atoms  of  carbon, 
and  they  can  be  arranged  in  three  different  classes,  of  which 
the  types  are  glucose,  saccharose,  and  starch. 

1.  C«H"0«  2.  C"n«0"  3.  C«HWO* 


OLUOOSB. 

SACCHAROSE. 

STARCH. 

LBTUL08B. 

LACT08K. 

DEXTRIN. 

GALACTOSE. 

MALTOSE. 

INULIN. 

ARABIN08B. 

XELIT08B. 

GLYCOGEN. 

IirOSITS. 

XBLEZITOSB. 

GUMS. 

DAMBOSB. 

xrcosE. 

CELLULOSE. 

All  of  these  bodies  have  the  power  of  rotating  the  plane  of 
polarized  light,  either  to  the  right  or  to  the  lefl. 

They  react  with  several  molecules  of  an  acid,  forming  neu- 
tral compounds,  a  property  which  characterizes  them  as  poly- 
atomic alcohols  (Berthelot). 
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GLUCOgK- 

This  important  body,  which  forma  the  solid  and  cryrtaffin- 
ble  part  of  honey,  exists  in  a  prpat  number  of  dried  friiiiB.  on 
the  Hurface  oi'  wlitrh  it  forms  a  well-known  white  efflorescetiiw. 

It  is  alto  fiiiind  in  the  urine  in  the  disease  Icnown  as  diabetes. 

It  may  be  made  artificially  by  the  ai^tion  of  dilute  salphnnc 
aciJ  on  Ktarch  (Kirchhoffj,  or  on  cellulose  (Braoonnot). 

PreparatioiL — GlaMse  is  prepared  in  the  arts  by  the  f"l- 
lowing  process ; 

tillUII  litres  of  vat«r  and  42  kilogrammes  of  salphurii-  arid 
are  introduced  into  a  large  wooden  trough,  and  the  liiguiJ  is 
heat«d  by  jeta  of  superheated  steam.  When  it  is  in  full  I'bal- 
lition,  2001)  kilogrammes  of  starch  suspended  in  2000  litres 
of  warm  water  are  allowed  to  run  in  ^^ually,  and  in  tliittt 
or  forty  minutes  the  saccbarification  is  complete.  The  anl- 
phuric  acid  is  then  saturated  with  pulverised  chalk,  the  in»l' 
ublc  calcium  sulphate  la  separated,  and  the  liquid  concentrsled 
in  boilers  heated  by  steam  until  it  marks  4U  or  41°  Baum*. 
It  is  then  allowed  to  crystallize,  and  solidifies  to  an  opaqae, 
yellowish,  crystalline  mass,  which  is  glucose. 

The  sulphuric  acid  baa  recently  been  replaced  by  hydrooUo- 
ric  acid,  whiL^h  produces  a  whiter  product.  The  small  qnaatiljr 
of  caJciuiu  chloride  formed  dues  not  prevent  the  crystallitalioD 
of  the  glucose. 

Propertiei. — This  body  crystallizes  in  small,  white,  roand«il 
masses,  agglomerated  like  cauliflowers.  Tlic  orvstals  cuntaio 
one  molecule  of  water  of  crystallization  (CH  O*  -f  IPOl 
They  remain  unchanged  in  the  air.  They  melt  when  heU«<l 
on  a  water-bath,  and  lose  their  water  at  100'.  Anhydroiu 
glucose  melts  at  144^. 

Glucose  dissolves  in  a  little  more  than  its  own  weight  of 
water  at  17°.  It  is  three  times  less  soluble  than  cane^UKar. 
and  in  solutions  of  equal  concentration  it  is  three  times  lem 
sweet.     It  is  much  less  soluble  in  alcohol  than  in  water. 

The  solution  of  glucose  rotates  the  plane  of  polarization  to 
the  right.  The  deviation  caused  by  a  recently -prepared  solution 
dimiuishea  after  a  time  as  much  as  fifty  per  cent. ;  it  varies  with 
the  conoentration.  Tlie  specific  rotatory  power  at  20"  is  for  the 
yellow  ray  4  X  [ajD  =  +58.7°  (Tolleos). 

When  glucose  la  heated  to  170°,  it  loaes  the  elements  of 
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watLT  iiiid  is  I'uiivcrtt'd   iiilu  ;i  colurle^.s  mii:^^,   nut  very  ftweet, 
which  has  received  the  name  glucosan. 

GlacoM.  OluooMm. 

Glucose  forms  true  compounds  with  the  bases.  There  is  a 
glucosate  of  calcium,  (?H«»Ca"0*  +  H*0.  It  is  precipitated 
when  alcohol  is  added  to  a  solution  of  calcium  hydrate  in  glu- 
cose. 

These  compounds  are  not  stable. 

If  potassium  hydrate  be  added  to  a  solution  of  glucose  and 
the  liquid  be  heated,  it  first  becomes  yellow,  and  then  rapidly 
assumes  a  deep-brown  color.  The  same  color  is  produced  when 
glucose  is  heated  with  calcium  or  barium  hydrate. 

According  to  Peligot,  there  are  formed  under  these  circum- 
stances two  acids,  which  he  named  glvLcic  and  melassic  acids. 
Ordinary  or  cane-su^  does  not  produce  this  reaction,  and  can 
Urns  be  distinguished  from  glucose. 

Id  addition  to  these  products,  the  action  of  lime  on  glucose 
gives  rise  to  the  formation  of  a  substance  which  forms  beautiful 
crystals  of  the  orthorhombio  type,  and  which  Peligot  called  sac- 
charin. It  is  dextrogyrate  ([a]D  ^  -j-^^-^°)'  According  to 
Scheibler,  it  contains  C'H^^O^,  and  is  the  anhydride  of  a  sae- 
charinic  acid,  C«H"0*. 

Glucose  reduces  various  metallic  solutions.  If  a  solution  of 
cupric  sulphate  be  poured  into  a  solution  of  glucose,  and  potas- 
sium hydrate  be  added,  no  precipitate  is  formed,  but  the  liquid 
acquires  a  dark-blue  color.  On  heating  it,  a  yellowish  precip- 
itate of  cuprous  hydrate  is  formed. 

This  reaction,  which  was  discovered  by  Troemmer,  is  very 
sensitive,  and  can  be  used  for  the  detection  of  the  smallest 
quantities  of  glucose.  In  making  the  test,  a  cupro-alkaline 
solution  is  employed,  made  by  dissolving  cupric  tartrate  in 
potassium  hydrate  (Barreswill's  solution),  or  by  adding  sodium 
and  potassium  tartrate  and  caustic  soda  to  a  solution  of  cupric 
sulphate  (Fehling's  solution). 

When  a  solution  of  glucose  is  heated  with  bismuth  nitrate 
and  an  excess  of  potassium  hydrate,  a  black  precipitate  of 
reduced  metallic  bismuth  is  formed. 

When  a  solution  of  common  salt  is  added  to  a  solution  of 
^ucose  and  the  liquid  is  allowed  to  evaporate  spont^ineously, 
erystala  are  deposited  which  constitute  a  definite  compound 
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of  the  two  bodifiB.     They  oootaio  2(NaGl  +  2(?WHf)  + 
3H»0. 

Glucose  forms  combinations  with  the  acids,  like  mannite,  and 
these  combinations  represent  glucose  in  which  a  certain  Dum- 
ber of  hydrogen  atoHis  are  replaced  by  acid  radicals.  Ber- 
thelot  had  regarded  glucose  as  a  hexatomic  alcohol,  containing 
6  hydroxyl  groups,  but  Colley  has  shown  that  it  is  a  penu- 
tomic  alcohol.  He  has  described  a  compound  produced  by  the 
action  of  acetyl  chloride  on  glucose,  and  which  he  names  aceio- 
chlorht/drose.     It  contains 

^^'^  {  (CH'O')* 

On  account  of  the  reducing  properties  of  glucose,  it  may 
be  considered  that  the  oxygen  atom  of  the  group  C^H'O  forms 
part  of  an  aldehyde  group  CHO.  Hence  glucose  is  at  the 
same  time  an  aldehyde  and  a  pentatomic  alcohol,  and  its 
constitution  would  be  represented  by  the  formula  CH*.OH- 
CH.Oil-CH.OU-CH.OH-CH.OH-CnO. 

The  following  fact  supports  this  view.  When  chlorine  p^ 
is  passed  into  a  solution  of  glucose,  the  latter  iis  converted  into 
an  acid,  yluatnic  acid,  O*ir*0^  which  only  differs  from  glucoe* 
by  containing  (►nc  more  atom  of  oxygen.  This  acid  corre- 
sponds to  triuconic  aldehyde,  and  the  following  formulae  indi- 
cate the  relations  existing  between  the  bodies  just  mentioned: 

CIROH  CIP.Cl  CIP.OH 

(Cll.On)*  (CH.OCnPO)*  iCIl.OH)* 

Clio  6ho  CO.OH 

Gliicdso.  Acetochlorhydrose.  Gluconic  add. 

LEVULOSE,  OR  FRUIT-SUGAR. 

C«H"0« 

Independently  of  the  glucose  which  effloresces  on  their  sur- 
face after  desiccation,  many  fruits  contain  another  sugar,  which 
strongly  deviates  the  plane  of  polarization  to  the  left.  It  is 
levulose. 

Levulose  exists  in  inverted  sugar  (page  627).  Many  sweet 
fruits  contain  inverted  sugar ;  among  them  are  grapes,  cherries, 
figs,  gooseberries,  etc. 

It  may  be  extracted  from  inverted  sugar  (a  mixture  of  equal 
proportions  of  glucose  and  levulose).    Dubrunfaut  recommends 
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the  foDowing  prooefls :  1 0  grammes  of  inverted  sugar,  6  grammes 
of  slaked  lime,  and  100  grammes  of  water  are  intimately  mixed. 
The  mass,  which  is  at  first  liquid,  becomes  pasty  on  agitation, 
and  then  contains  a  solution  of  calcium  glucosate  and  solid  cal- 
cium levulosate.  It  is  strongly  pressed  in  a  cloth  and  the 
compound  of  levulose  and  lime  is  decomposed  by  oxalic  acid. 
The  levulose  remains  in  solution,  and  after  evaporation  forms 
a  syrup  which  is  much  sweeter  than  a  solution  or  glucose. 

Levulose  may  be  prepared  more  readily  by  treating  inulin 
(page  637)  with  dilute  acids.  When  pure  it  is  crystallizable, 
whether  it  be  obtained  from  inulin  or  from  inverted  sugar.  Its 
rotatory  power,  at  14°,  is  [a]D  =  — 104°,  but  varies  with  the 
temperature,  being  at  90°  only  half  as  great. 

JLevulose  is  directly  fermentable.  When  heated  to  1*70°,  it 
loses  the  elements  of  water  and  is  converted  into  levulosan. 

LeTulosan. 

Other  sugars  are  known  which  may  be  classed  with  glucose. 
Such  are  the  following : 

1.  Sorbin,  C*H"0*,  a  substance  which  crystallizes  in  large, 
transparent  rhomboidal  octahedra ;  has  been  obtained  from  the 
berries  of  the  mountain-ash  by  Pelouze. 

2.  Liosite,  C*H^*0'  -f-  H*0,  a  sugary  matter  extracted  by 
Scherer  in  1850  from  the  muscles,  and  which  has  since  been 
found  in  the  lungs,  kidneys,  spleen,  and  liver  (Cloetta).  In- 
osite  is  identical  with  a  substance  that  Vohl  extracted  from 
green  beans,  and  to  which  he  gave  the  name  phaseomannite. 

Inosite  forms  large,  rhombic  tables,  or  transparent,  colorless 
prisms,  having  a  sweet  taste.  The  crystals  effloresce  in  the  air. 
They  are  soluble  in  water,  but  insoluble  in  absolute  alcohol  and 
in  ether.  The  aqueous  solution  is  optically  inactive  ;  it  is  not 
converted  into  glucose  by  the  action  of  dilute  acids ;  it  does 
not  reduce  cupro-potassic  solutions,  nor  will  it  ferment  under 
the  influence  of  yeast. 

3.  DambosCy  (rH^O*. — This  body  exists  as  a  dimethylether 
in  dambonite,  which  H.  Girard  has  extracted  from  an  African 
caoutchouc  by  exhaustion  with  boiliDg  alcohol.  When  dambo- 
nite  is  heated  with  concentrated  hydriodic  acid,  methyl  iodide 
and  dambose  are  formed. 

(?H«>0*(OCH')'  +  2HI  =  2CH'I  +  CH^O* 

DMnbonite.  Damboee. 

Bambose  is  orystallizable,  and  very  soluble  in  water.   It  melts 
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at  190^,  and  sablimes  at  about  220®,  a  property  which  disdo- 
guishes  it  from  all  other  saccharine  substanoeB. 

GALACTOSE. 

C«HiK)« 

This  is  ODe  of  the  products  of  the  action  of  dilute  acids  aod 
of  certain  ferments  on  lactose  (page  628).  Galactose  crystal- 
lizes in  little  masses,  formed  bj  the  agglomeration  of  small 
needles.  It  is  less  soluble  in  water  than  glucose,  and  deviates 
the  plane  oC  polarization  to  the  right.  It  is  fermenuble,  and 
readily  reduces  cupro-potassic  solutions.  Nascent  hydrogen  god* 
verts  it  into  dulcite.  Nitric  acid  oxidizes  it  with  formatioD  of 
mucic  acid. 

ARABINOSE. 

C«Hi»0 

This  is  the  sugar  of  gum.  It  is  formed  when  arabin,  or  gnm 
arabic,  is  boiled  with  dilute  nitric  acid.  It  crystallizes  in  bril- 
liant rliomboidal  prisms,  fusible  at  160°.  Its  aqueous  solution 
has  a  sweet  tai>te  and  is  dextrogyrate.  It  reduces  cupro-potassic 
solutions,  but  is  not  fermentable. 

SACCHAROSE,  OR  CANE^UGAR. 

Extraction. — Ordinary  sugar,  which  is  universally  diffused  in 
the  vegetable  kingdom,  is  extracted  principally  from  sugar-cane, 
suirar-niaple,  and  beot-root.  Fresh  sugar-cane  contains  about 
eighteen  piT  cent,  of  sugar :  beet-root  contains  only  about  ten 
per  cent.  ( Pcligot). 

Certain  sweet  fruits  contain  cane-sugar,  independently  of 
inverted  sugar.  According  to  Buignet,  such  are  apricots, 
peaches,  pine-apples,  lemons,  plums,  and  raspberries. 

We  can  only  l)riefly  indicate  the  processes  which  are  em- 
ployed for  the  extraction  of  sugar  from  beet-root. 

The  roots  are  Wiushcd,  and  reduced  to  pulp  in  a  machine 
provided  with  a  cylinder  armed  with  teeth  and  having  a  rapid 
rotary  motion.  This  pulp  is  then  strongly  pressed  in  woollen 
sacks  by  means  of  a  hydraulic  press,  and  the  juice  is  imme- 
diately transferred  to  large  boilers  having  double  bottoms  and 
heated  by  steam,  and  milk  of  lime  is  added. 


SACCHAROSE. 

This  Operation,  which  is  oalled  defecation,  is  intended  not 
only  to  separalii  certain  AulfStances  which  form  insoluble  com- 
pounds with  the  lime,  hut  lo  jirevcnt  the  juice  from  becoming 
altered  by  reason  of  its  acidity.  As  the  Hupar  itself  dissolveB 
a  lai^  quantity  of  lime,  the  latter  must  be  wi  rid  of.  A  cur- 
rent of  carbon  dioxide  ie  consequently  pasaea  into  the  solution, 
and  deoompDsce  the  saccharat«  of  calcium.  Another  process 
of  dichauiage,  recently  deviaed,  depends  on  the  employment 
of  aiumonium  phosphate.  Insoluble  calcium  phosphate  is 
formed,  and  the  ammonia  is  disengaged  on  account  of  the  high 
temperature  at  which  the  operation  ia  conducted.  By  this 
process  the  neutraliiation  is  more  perfect. 

The  liquid  is  then  heated  to  about  ^5°,  and  filtered  through 
a  layer  of  animal  charcoal  in  grains ;  it  is  then  concentrated  in 
cvaporatiog-pans  heut«d  by  steam.  When  the  syrup  marks 
25"  Baum^,  it  is  again  filtered  through  animal  charcoal,  and 
the  cvncentralion  is  liuished  in  pans  heated  by  steam,  and  in 
which  a  vacuum  is  maintained  during  the  evaporation.  The 
cook-ing  of  the  syrup  is  thus  carried  on  at  a  temperature  not 
above  To  or  80°,  uud  these  conditions  assure  a  fine  quality  ot 
product  and  a  good  yield  by  preventing  as  much  aa  powihte 
the  translormation  of  the  sugar  into  uncrystal livable  sugar. 

When  the  syrup  marks  41!  or  43°,  it  is  run  into  cooling- 
pans,  where  it  is  continually  stirred  until  the  sugar  is  depos- 
i[«d  in  small  crystals.  Those  are  distributed  in  moulds,  which 
consist  of  terra-cotta  coues  having  a  hole  in  the  summit,  which 
for  the  time  ia  closed.  These  cones  are  placed  in  an  oven 
heated  to  25°,  where  the  cirstalJiiation  takes  place ;  when  the 
nrup  has  solidified,  tho  holes  in  the  cones  are  opened  and  the 
Uiick  and  colored  mother-liquor  is  allowed  lo  drain  out ;  it  con- 
stitutes molasses.  The  loaves  of  sugtir,  drained  and  dried*  are 
delivered  to  commerce  as  crude  or  brown  sugar. 

For  some  years  an  apparatus  has  been  used  for  draining 
and  bleaching  of  crude  sugars,  which  consists  of  a  cylindrical 
cage  having  perforated  metalhc  walls.  It  is  put  into  rapid 
motion  on  iia  axis,  and  the  molasses  is  espeiled  through  the 
perforated  walla  b^  centrifugal  force.  The  apparatus  is  called 
the  centrifugal  dner. 

•Rjfining  of  Clude  BngOT. — The  crude  sugar  is  crushed, 
sifl«d,  and  dissolved  in  alwut  .^1)  per  cent,  its  weight 
the  operation  being  conducted  in  a  boiler  heated  I 
inimal  charcoal  is  then  thrown  into 
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tion,  and,  after  Btirriog,  J  per  cent,  of  beef's  blood  ie  added. 
The  latlcr  eoii^latefl  in  th<:  li<]uid  and  envelops  all  of  the  suf- 
pcndcd  piirticles.  naiting  them  in  a  stiini  which  is  eaailj  re- 
moved. When  the  liijoid  becomes  clear,  it  is  drami  off  aad 
filtered.  It  is  then  passed  through  grained  anuna]  cban'oal, 
which  completel;f  decolorizes  it.  It  ia  coiicentmt«d  in  vacuum- 
{tans,  from  which  it  is  drawn  into  a  large  copper  vet«eJ  having 
A  double  bottom.  It  is  eoDtinaollj  stirred  until  crjstallisatioii 
mmmences,  after  which  it  ia  mn  into  moolds,  which  are  tlien 
placed  in  rooms  heated  to  -0°.  After  the  ciyxtallitittiQn  i» 
completed,  the  Bjrup  remaining  liijuid  is  allowed  lu  drain  ont. 

At  ihe  termination  of  the  draining,  a  creaxur  mixture  uf 
white  clay  and  water  is  poured  on  the  sorTace  of^  the  sugsr  iu 
each  mould,  and  the  water  of  ihia  broth  siowlj  penetrates  lh« 
mass  uf  sugar,  litjuefiee  tlio  ejrup  which  remains  between  thii 
erystals,  and  carries  it  to  the  tower  part  of  the  mas'.  The  clay. 
having  lost  its  water,  contraclH,  dries  np,  and  remains  upos  the 
deoohirlxed  sugar  as  u  dry  coke.  It  is  removed,  and  a  eynjt 
of  while  Rugor  ia  run  into  the  whitened  and  porous  loaf  and 
fills  up  all  of  the  spaces  when  it  soUdtSes  in  Ihe  oven. 

This  operation,  the  object  of  which  is  the  deeoloriiing  uf 
ihe  sugar-loaves,  is  called  iJaifinff.  The  clay  broth  may  be 
replaced  by  syrup  of  white  sugar,  an  operation  which  is  i^M 
deri/loring. 

The  sugar  solidified  in  the  moulds  ia  a  compact,  crystalline, 
white  mam,  composed  of  little  grains.  It  may  be  obtained  in 
voluminous  crystals  by  eoncenir.it  ing  ihe  symp  nntil  it  marlH 
:17°  Baum<^,  and  then  exposing;  it  for  some  days  to  a  tcmpen- 
lurcof  ifir  in  copper  vessels,  iieroBs  which  threads  are  strelchtid. 
The  tupa  is  deposited  on  the  threads  in  large  crystals  Icnomi 
as  rui-k-cniidy. 

I^operties  of  Sn^&r. — Sugar  crystulliai's  in  laige,  ohliifoe 
rhombic  prisms,  bnviug  hcmihedral  faceties.  Tlie  erystak  tit 
hard,  anhydrous,  and  nnalterable  in  the  air.  Density,  1.606. 
It  diBMilvee  in  oue-third  its  weight  of  cold  water ;  the  solutioa 
ia  ihick,  and  is  known  as  n'uiple  *yntp.  Sugar  is  insolobiaiD 
eth«r  and  iu  oold  absolute  alcohol.  Boiling  absotnte  aloobol 
dimilves  a  little  more  than  one  per  cent. ;  ordinary  alcohol  will 
t*ku  up  more.  Tlie  aqueous  solalion  of  sugar  deviates  the  plane 
of  uoUriaatiou  to  the  right,  ([a]D  =  4-64.1"),  at  20°. 

Ai  160'',  sugar  meiu  lo  a  thick,  transparent  liquid,  which 
aolidiQcs  lu  an  uuorphous,  vitreous  mass  ou  cooling. 


EAOCH  AROSE. 

^AVht.11  inaintained  for  a  long  lime  at  a  tompeTatnrf!  of 
T  1G1°,  U  tin-nks  np  into  ^Iucoiki  and  levnlnson  (O^'HsJ. 
C"n'H3''       =       CH'^O*       +       <?H'^ 

terhanM.  Olaaa>.  U'UluwIi. 

Between  1!)0  and  200°  il  loaee  the  eloments  of'nat«r  and^ 
converted  into  a  bitt«r,  brown,  amorphous  mass,  which  te  di 
nated  aa  ca  i-iinirl. 

Inverted  Suffftr. — By  the  actioo  of  dilute  ucida,  sugar  if  J 
uonvertoil,  i^lnwly  io  the  cold  and  mpidlj  ou  boiling,  inUi  I 
RiistnrB,  in  <M(ual  proportions,  uf  two  isouiHriu  sugum  w' ' 
have  opposite  rotatory  jH>M'en<:  tliey  are  glauone  and  l«valot 
The  mixture  la  t-alled  itiverlal  KOgar. 

CH't}"     +     H'O     =     CH"0'    +     CH"0' 

StK-huvfC.  aiHuitL  Lainlou. 

The  aaiue  traasfonniition  ia  effected  by  t.hci  soluble  n 
of  ycBSl  i.Benhcloll,  and  alnu,  a«wrdiii>;  to  Buignct,  bj  t 
"^ —  of  tho  peculiar  feruienla  wbit:h  citist  in  most  fruite. 
_  t  only  fcrtnenbt  afler  having  first,  underpine  t! 
ttion  into  inverted  §ugar  by  the  action  of  the  ferment, 
Kitric  and  coavcrta  sugar  into  i^tecfianc  aeid,  Cil'^O",  ( 
c  acid. 

in  I  rated  Bulplmrio  acid  earboniisert  it. 


lerni,  diifinito 


ji™ 


KcharoHu  reaUitA  tiie  uotiuu  of  alkullta  better  ttiun  \ 
s  ffitli  thi^m  aoil  with  the  biuuH  ii 
8  known  us  aaecharatsM. 

If  a  miiiurt.'  of  nu^'ar  und  Blakei)  litnu  bo  triturated  w'^S 
water  and  the  whole  lie  thrown  u]ion  a  Gllor,  the  lirjuid  whicfiff^ 
pasaea  throu^'h  will  be  uuluHesti  uiiil  strouj^ly  ulicaliuu.  ^Vlle94 
it  is  healed  to  ebullition,  it  ehun^^a  into  a  solid  mnaswhioh<l 
uain  becomes  tiijuid  un  cooling.  It  is  a  aolutiou  nf  aaccharaWil 
of  cslcium,  (C"n"U")''3CiiO.  Alwihot  preuipitates  from  ittbfl 
oomponud  0''ll°0".CaO. 

An  itiialojpms  exiiPriuipnt  nmy  bo  mado  with  a  eoneentrntiid 
lH>iliuK  Holutiou  of  inirium  hyclmti', 

U'hi'ii  BUjpif  i»  hcjitwl  to  150  01  imi'  with  Imrinm  hydrate, 
i!   \i'lil-  Luiii!  tteid.     When  fuMefl  with  potJiBsimu  hydrate,  i( 
■  II-  -u-.\--  -■  lijilM^-eu,  and  eiirbonutc,  oxalate,  furuiate.  ui-etate^I 
.iLj'l  j.ii,|ii.iii:iit'  of  piitussiuui  are  formed.  , 

\\  h'  II  distilled  with  quick-lime,  sugar  u  decomposed  witii 
forniatiou  iif  carbon  dioxide,  water,  aoetone,  and  meiacetonty^ 
CH'O,  a  lii|uid  having  a  pleasant  odor,  insoluble  in  water,  ai  ' 
boiling  at  84". 


Sugar  forma  a  combiuatioD  wiih  sodium  chloride,  cc 
of  deliquescent  crystals  which  oouuiii  C"H"0''.NaCl, 

Ether*  of  BacoliarOM. — Like  glucose,  saccharose  ma;  be 
eiherified.  Wbeu  it  is  lieutcd  to  16ll°  with  an  exoese  of  acetic 
aiiliydridc,  oclai-etti-  saccharote,  C"H'*0'(CH'0')'.  a  while 
maas,  inaoliible  in  water,  is  obtained  (Schiitaenberj^r).  Nilro- 
MacckaroK,  or  the  tetranilric  eiher,  C"U"0'(O.NO')*,  is  pre- 
pared hy  gradually  adding  powdered  sugar  to  a  cold  mixture 
of  ooDccntrated  nitric  and  sulphuric  acids.  Water  tlicD  pte- 
ctpitAtes  from  the  inixlure  a  white  mass,  wbiob  explodea  rio- 
lently  by  percussioo. 


Tliia 


LACTOSE,   OR   MILK-SUGAR. 
C"H»>0"  +  H'O 
ngar  exists  in  solutiun  in  the  milk  nf  mamnisls.  and  l( 


extracted  from  the  whey  which  remains  after  the  mana&clore 
or  cheese.  It  is  only  necessary  to  evaporate  this  liquid  la 
cryatallization. 

Milk-«ugar  occurs  in  commerce  in  cvlindrical  masses,  formed 
of  un  o^lomeratiou  of  crystals  around  a  little  stick  whirh 
Nerves  as  a  nucleus.  The  crystnls  are  colorless,  faard,  and  tmJt 
when  omsbed  by  the  teeth.  They  are  right  rhombic  prianu. 
terminated  by  octahedral  points.  Tbcy  contain  one  molecule 
of  water  of  crygtullixatiun  wbieh  the}'  lose  at  about  liO". 
They  dissolve  in  ti  parts  of  cold,  and  in  2  parts  of  boilloj; 
water.  The  solution  turns  the  plane  of  polariiation  to  (be 
right.     The  rotatory  power  of  old  solutions  is  [ajo  ;=  -(-59.3°- 

When  heated  with  nitric  acid,  Isctose  yields  certxiii  adik 
among  which  is  ope  which  ia  but  slightly  soluble  in  waicr.snd 
which  is  called  mucic  acid.  It  contdns  CH'*0',  and  is  wi- 
muric  with  Moee/uiric  acid,  which  is  also  produced  by  the  oxi- 
dation of  lactose  by  nitric  acid.  Liebig  found  tartaric  adJ 
among  the  products  of  this  oxidation,  and  a  small  qnaniitT  at 

Cratortarie  acid  has  alao  been  observed  to  be  formed  (CanetJ- 
fltlv,  oxalic  acid  is  also  produced. 

When  boiled  with  dilute  Butphurio  acid,  milk-sngar  u  got 

verted  into  glucose  and  galactose.  I 

Milk-sugar  reduces  cupro-alkaline  solutions.  I 

Wheu  exposed  to  the  air  at  summer  beat,  a  aolDlJon  ot  !■>■ 

toee  in  presence  of  an  alkaline  salt  or  calcium  oarbonate  aooB 

undergoes  the  tuotio  fermentation  (page  631). 


MALTOSK.  «i-l) 

MALTOSE. 

This  name  is  given  to  the  crystallisable  sugar  produced, 
together  with  a  certain  quantity  of  dextrin,  bj  the  action  of 
diastase  on  starch.  It  may  be  prepared  by  digesting  starch 
paste  at  60^  with  a  solution  of  diastase.  The  solution  is  pre- 
cipitated by  alcohol,  which  separates  the  dextrin,  filtered,  the 
alcoholic  liquid  cTaporated  to  a  syrupy  consistence,  more  alcohol 
added,  and  the  solution  set  aside  to  crystallise  in  a  bell-jar  otcf 
sulphuric  acid.  Maltose  is  a  product  of  the  incomplete  hydra- 
tion of  starch.     Some  chemists  attribute  to  it  the  composition 

4(?H«»0*  +  2HK)  =  C«H«>0*  +  C"H»*0" 

Starch.  Dextrin.  MaltoM. 

Maltose  forms  a  crystalline  mass,  composed  of  hard,  white 
needles.  It  loses  its  water  of  crystallization  at  100^.  Its  solution 
turns  the  plane  of  polarization  to  the  right,  [oId  =  -f-l^^*^^* 
It  reduces  cupro-potassic  solutions,  and  when  boiled  with  dilute 
acids  is  converted  into  glucose.    Maltose  is  directly  fermentable. 


Among  the  other  sugars  belonging  to  this  group,  all  of  which 
contain  two  glucose  molecules,  less  one  molecule  of  water,  are 
the  following: 

MelUose,  C"H"0"  +  3H»0,  extracted  by  Berthelot  from 
Australian  manna,  a  sweet  exudation  from  the  eucalyptus,  crys- 
tallizes in  fine  needles  having  a  slightly  sweet  taste.  At  100^ 
it  loses  2H'0.  Its  aqueous  solution  is  dextrogyrate.  It  does 
not  reduce  cupro-potassic  solutions. 

Melezttose,  C"H«0"  -f  H'O,  has  been  obtained  by  Berthe- 
lot from  Briangon  manna,  exuded  by  the  larch  {Finus  larix). 
It  crystallizes  in  clinorhombic  prisms,  with  one  molecule  of 
water,  which  it  loses  at  108°.    It  is  dextrogyrate,  [a]D  ==  +94°. 

Mycone,  or  trehalose,  C"H'*0"  +  2H'0,  was  extracted  by 
Miu«cherlich  from  the  ergot  of  rye,  and  has  been  obtained  by 
Berthelot  from  a  Turkish  manna  (Jtrehala),  It  crystallizes  in 
hard,  rectangular  octahedra,  gritty  between  the  teeth,  and  having 
a  sweet  taste.  It  is  strongly  dextrogyrate,  [a]D  =  -|-199°.  It 
is  distinguished  from  cane-sugar  by  its  ready  solubility  in  boiling 
alcohol. 

Synawthrose,  (?»H"0"  +  E^O,  has  been  obtained  from  the 

53* 
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tubes  of  varioua  BjDBDthera,  such  as  Dahlia  variabSU,  Belia*- 
thus  tuberoeiM.  Il  forms  a  deliijuescent,  ooQ<  crystal  line,  while 
mass.  It  is  optically  ioactivc,  and  is  converted  by  dilute  tdii 
into  a  mixture  of  glucose  and  levulose. 

FERMENTATION. 

If  yeaet  be  introduced  into  a  tolerably  concentrated  aolutiuD 
of  glucose,  and  the  liquid  be  exposed  to  a  lempcTature  betirwii 
20  and  30°,  bubbles  of  an  incombustible  gas  will  soon  be  ilin- 
engaged,  and  this  p:as  will  produce  a  cloud  in  lime-water,  [i 
is  carbon  dioxide. 

After  the  disengagement  of  gas  has  censed,  a  small  quunliir 
of  alcohol  may  be  obtained  by  distilling  ihu  liquid. 

In  this  experiment,  the  glucose  disappears ;  it  is  broken  np 
into  aleobol  and  i-orbon  dioxide.  The  decomposition  is  effected 
by  yeast,  and  is  colled  frrmimtatum.  The  sugar  b  the  /rt- 
menlahU  substance  ;  the  yeast  is  ihe  fcmitnt. 

The  ferment  is  iui  organiied  matter  whic^h  develops  aad  mul- 
tiplies at  the  expense  of  the  glacose.  The  laUer,  is  directly  U- 
tacked  by  this  being  which  lives  at  Its  expense,  and  undergoeei 
complete  decomposilion,  of  which  carbon  dioxide  and  alcolml 
are  the  principal  products.  The  ferment  plays  an  active  pwl- 
which  was  first  Kuspecled  by  Cagniard-Latonr  and  Schwann, 
and  demonstrated  by  Pasteur. 

Alooholio  fermentatioiL^Tlie  decompoaitioD  of  ^ouw 
unJ(T  the  influence  of  yeast  constitutes  the  alcoholic  fenuenfi- 
tion. 

It  is  expressed  in  the  following  equation  : 


CH^O"    :=     aCHV 


200" 


It  is  shown  by  the  experiuicnta  of  Pastenr.  that  only  94jNr 
cent,  of  the  quantity  of  glucose  diH.timp'»ed  undergoes  ihc 
change  indicated  by  the  above  foniiula.  The  remaining  6  pn' 
cent,  are  employed  :  1 ,  in  the  formation  of  sniuU  ijuantilies  of 
' '  and  glycerin  ;  2,  in  the  development  of  new  jeut 


Yeast  is  composed  of  a  moss  of  cells  or  ovojd  corpnsriee. 
having  a  diameter  iif  j^  of  a  millimetre,  and  arranged  b 
clusters  (Fig.  125).  Their  walla  are  an  elastic  merobmDt. 
and  tlirir  eonienis  htc  liquid  iir  granular.  They  contain  «" 
lose,  aliiuminoid  mntier,  and  mineral  ^iilts.     When  they  M 
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introduced  into  a  Babatance  whith  contuns  the  materialB  necefl- 
sary  for  their  development,  thcv  luulriply  rapidly.  Pasteur  has 
made  decisive  experiments  on  thiit  point.  Ue  planted  gome 
yeast  cells  in  asolution  of  sugar  to  which  he  had  added  a  small 
quantity  of  an  ammoniacal  salt  and  some  phosphates.  The  solu- 
tion of  Bugar  fermented,  and  the  ferment  developed  by  budding, 
the  new  cells  absorbing  the 
ammonia  and  the  phosphates. 
They  obtained  from  the  sugar 
the  matter  necessary  t«  form 
cellulose,  and  from  the  ammo- 
nia the  nitrogen  required  for 
the  elaboration  of  the  albumi- 
noid mattera.  However,  these 
artificial  conditions  arc  not 
those  which  are  best  adapted 
for  the  propagation  of  the  celk. 
The  latter  increase  with  ex- 
treme energy  in  lirjuids  which 
contain,  besides  the  yeast,  glu- 
cose, and  a  small  quantity  of  '  '"■  "*'' 
albuminoid  matter  ready  formed. 

Lactic  FermentatioiL — This  fermentation,  of  which  the 
conditions  have  already  been  inditated  (page  584),  is  accom- 
plished by  the  action  of  a  peculiar  ferment  of  vegetable  char- 
acter. It  is  formed  of  small  round  or  elon<^ted  cells,  very 
short,  and  isolated,  or  in  masses.  They  arc  much  smaller  than 
yeast  cells,  and  constitute  the  lactic  yeast  of  Pasteur.  It  only 
actji  upon  glucose  or  lactose  in  a  neutral  or  alkaline  liauid. 
Hence  the  necessity  of  adding  sodium  carbonate  or  chnllc  to 
the  liquid.     The  reaction  consisfa  of  a  splitting  of  the  glucose 

CH"0'   ^   acn'o* 


Bntrric  FftrmentatioiL — This  ti.n,-iistN  in  the  transformation 
of  calcium  lactate  into  butyrate. — a  tr.iiisfoniiulion  that  is  ac- 
companied by  a  disengafjoment  of  Iiyiimgcn.  According  to 
Pasteur,  this  feroicntntion  is  caused  by  infiiMorii),  and  the  ani- 
malculfe  live  and  arc  developed  in  situations  where  they  are 
deprived  of  free  oxygen.  Such  is  the  rncivy  of  their  respira- 
tory functions  that  free  oxygen  kills  Ihcm  (^Pasteur).     They 
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respire  by  deootnpo§ing  oxidiied  bodies  and  assimilating  ihr 
oxyften. 

Wo  hnve  already  conndered  the  acrtic  /ermenlaliun.  W* 
may  add  that  by  Uie  action  of  a  peculiar  fcnneal,  glut-use  U 
M)nTert«d  into  mannitc  and  a  gummy  iiiatt«r,  very  tmlubk-  in 
water,  and  which  gives  a  viscous  consistence  to  the  fcrmeaud 
!i<juid.     This  is  called  the  vucoug/frmejiratioa. 

Fermented  Bevuiaues. — The  foregoing  summary  inili- 
catiuua  regarding  lermentutiou  may  bu  completed  by  aomt 
general  notions  upon  the  fermented  beverages,  particululj 
wine  and  beer. 

Wise. — It  is  universally  known  that  wine  is  the  product  iif 
the  fermentation  of  grape-juice.  This  juice  contains  in  soln- 
tion  iiiVLTted  sugar,  a  small  trae«  of  gummy  matturs,  vegetable 
albumen,  a  trace  of  fatty  matters,  coloring  matters,  free  (v- 
taric  and  malic  acids,  and  varions  tartrates,  principally  poUs- 
siuni  acid-tartrate,  or  cream  of  tartar. 

The  clarified  wine  which  results  from  the  fenncntation  of 
this  juice  contains,  independently  of  water,  various  products, 
some  of  which  existed  in  the  juioe,  and  others  which  are  the 
results  of  the  transfurniBtion  through  which  it  has  passed. 
Among  the  first  are  the  mineral  and  vegetable  salts  of  the  juici 
(in  smaller  proportion,  because  they  are  partly  deposited  with 
the  lees),  the  gummy  matter,  a  small  quantity  of  ftitty  ind 
albuminoid  substances,  the  coloring  matters,  tree  tartaric  sod 
malic  acids,  and  the  tannin  derived  from  the  grape-stems  and 
from  the  skins  and  seeds.  Among  the  substances  which  result 
from  the  fermentation  are : 

1.  Alcohol,  which  is  the  principal  product. 

2.  Carbonic  acid  gas ;  it  is  well  known  that  it  exists  ahnii- 
dantly  in  champagnes. 

3.  Small  quantities  of  aldehyde  and  oi-etie  acid  produced  by 
oxidation  of  the  alcohol.  The  acetic  acid  reacts  upon  ths 
alcohol  contained  in  the  wine,  forming  acetic  other. 

4.  Glycerin  ond  succinic  acid,  in  small  quantities  (Pasteur). 

5.  TrnccB  of  compound  ethers,  which  contribute  to  the  fccniffw' 
of  the  wine.  Besides  acetic  ether,  traces  of  a  compound  ether 
called  tmanfhic  e/hrr  have  been  found  in  wine ;  it  appears  In 
be  pelargonic  ether,  C*H"0'l  CH').  Berthelot  states  the  exist- 
ence of  but  slightly  volatile  acid  ethers  (malic,  tart«ric)  io  wins. 

The  following  table  indicates  the  quantities  by  voltmu  rf 
pure  alcohol  contained  in  100  volumes  of  various  v* 
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Mftddn S0.48 

Port 20.22 

BouBsUlon 16.67 

Hermitage  (white) 16.03 

Malaga 15.87 

Saiot-Georges 15.00 

Saateme  (white) 15.00 

Cjpms 15.00 

Lanel 14.27 

Graves 12.30 

Frontignau 11.76 

Champagne 11.60 

Rhine 11.11 

Strongest  Bordeaux 11.00 

Lightest         "     .  * 7.5  to  8 

R<Mi  Boargogne 7.66 

Red  M&con 7.66 

RedChablis 7.83 

Beer. — Beer  is  a  fermented  beverage,  made  from  a  icort  of 
germinated  barley,  and  ordinarily  rendered  aromatic  by  bops, 
lake  all  otber  cereals,  barley  cont^ns  a  considerable  proportion 
of  starcb.    During  tbe  germination,  tbls  ntarcb  is  partially  con- 
verted into  maltose  by  tbe  action  of  a  nitrogenized  matter, 
wbicb  is  formed  in  tbe  sprouting  grains,  and  wbicb  is  called 
diastase.     In  order  to  saccbarify  tbe  barley,  it  is  tben  first 
necessary  to  cause  it  to  germinate,  and  for  tbis  purpose  it  is 
moistened  witb  water,  and  kept  for  some  time  at 
a  temperature  of  14  or  15** ;  tbe  object  of  tbis 
operation,  called  malting,  is  tbe  development  of 
the  diastase  necessary  iot  tbe  sacebarification 
of  tbe  starcby  matter.     Wben  tbe  sprout  lias  f^ 
acquired  about  tbe  same  lengtb  as  tbe  grain 
(Fig.  126),  tbe  germination  is  arrested  by  ex- 
posing the  malt  to  tbe  action  of  a  temperature 
of  about  50**.     Tbe  dry  malt  is  tben  reduced 
to  a  coarse  powder,  placed  in  a  large  vat,  and         Fu;.  126. 
brewed  for  about  three  hours  witb  water  heated 
to  50  or  60°.     In  this  operation,  the  diastase  of  the  malt  con- 
verts the  starch  into  dextrin  and  maltose,  which  dissolve,  to- 
gether with  the  other  soluble  principles  of  the  grain. 

The  sweet  wort  thus  obtained  is  heated  with  hops,  which 
yield  to  it  their  essential  aromatic  oil.  It  is  then  properly 
cooled  and  allowed  to  ferment  in  deep  vats,  into  which  a  cer- 
tain quantity  of  yeast  produced  in  a  previous  operation  is  in- 
troduced at  the  same  time.  The  alcoholic  fermentation  soon 
begins  and  goes  on  with  great  activity  during  a  few  days.     As 
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soon  as  It  Iitia  ceased,  the  liquid  van  iie  delivered  for  ooii5nm[i- 
tion.  The  quality  of  beer  ia  better  wben  the  fermcnliiiun 
tftkes  place  at  a  low  temperature. 

Beer  contains  much  wal«r,  Irce  carbonic  acid  gaa.  alcohol  \i 
to  5  per  cent.),  variable  quantities  of  saccharine  matters,  dex- 
trin, uitrogenized  matters,  ej(tractiTe.  bitter,  and  coloring  nui- 
ters,  essential  oil,  and  various  salts. 


STARCH.  ^H 

CII'»0'  [prgbablj,  C»p*«0")  ^W^ 

Starch  is  nniveisally  difibsed  throitghout  the  vi>getable  king- 
dom. It  is  espeoiallj  abundant  in  the  seeds  of  le^miDnU'' 
plants  and  cereals,  and  tn  the  potato. 

Extraction. — To  extract  starch  from  potatoes,  they  arc  re- 
duced to  pulp  by  means  of  a  rasp,  and  the  pulp  is  placed  in  ■ 
sieve  and  washed  by  a  stream  of  wat*r.  The  water  carries 
with  it  the  fine  granules  of  starch,  while  the  torn  cells  of  liie 
potato  remain  in  the  sieve.  The  starch  ^niulually  deposits 
from  the  water,  and  collects  in  the  bottom  of  the  ve^i-l,  wbfto 
it  settles,  forming  a.  uake  from  which  the  supernatcnt  water 
may  be  separated  by  decantation. 

Starch  may  be  extracted  from  wheat  by  making  a  paste  of 
flour  and  kneeding  it  in  a  sieve  under  a  jet  of  water ;  the  stmh 
granules  are  carried  with  the  water,  and  a  soft,  gray,  olssti* 
mass  remains  in  the  sieve,  constituting  the  nitrogenised  mnltei 
of  the  flour,  or  gluten. 

Another  process,  almost  abandoned  at  present  on  account  of 
its  offensivcncss,  unnsists  in  allowing  the  coarsely-ground  gnia 
to  putrefy.  Putrefaction  destroys  the  ghiten,  while  the  starch 
resists  decomposition. 

Phyaical  Properties. — Starch  is  a  white  powder,  formed  rX 
granules  which  present  an  organic  structure.  Their  siie  wJ 
shapearevariable(Fig.  127),  thdrdianteler  l>cingframi!loI85 
thousandths  of  a  millimetre.  Those  uf  potato  starch  art)  lurgpr 
than  lh(»e  of  starch  from  grain.  These  granules  are  made  np 
of  concentric  layers,  which  are  more  dense  as  they  are  nearer 
the  surface.  It  is  easy  to  make  this  structure  apparent  by 
causing  the  granules  to  undergo  a  partiul  disintegration  by  the 
action  of  hot  water.  Thy  swell  up.  burst  open,  and  aepu«t« 
into  thin  layers,  as  shown  in  Fig.  128. 
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Chemical  Propeitiea.— Starch  is  insoluble  b  water,  alcohol, 
and  ether.  Contact  with  water  heati.'d  to  60  or  70°  causes  it 
to  swell  up  considerably,  without  dissolvinfr.  A  semi-traoa- 
pareat,  gelaiiuous  mass  results,  which  is  known  as  starch  paste. 
When  starch  is  boiled  with  &  large  quantity  of  wnter  and  the 
whole  is  thrown  on  a  filter,  the  liquid  which  passes  is  slightly 
turbid,  and  constitutes  what  m  known  as  »olulum  of  tiarch. 
It  c«DtaiDs  in  suspension  flakes  of  amyhuieouH  matt«r  small 
enough  to  pass  through  the  filter.  It  ulso  contains  a  small 
quantity  of  soluble  starch  (see  farther  on). 

If  a  few  drops  of  iodise  be  added  to  solution  of  starch,  a 
deep-blue  color  is  at  onco  produced.  This  blue  color  disappears 
when  the  liquid  is  hea(«d  to  90°,  and  reappears  on  cooling.  If 
a  few  drops  of  a  neutral  solution  of  calcium  chloride  be  added 
to  the  liquid,  dark-blue  flakes  are  precipitated,  constituting 
what  is  called  iodide  of  Ktarch. 


Fio.128, 


Ketamorphoaes  of  Starch— Dextrin.— When  long  heated 
to  100°  stanch  is  converted  into  soluble  starch,  which  yields  a 
blue  color  with  iodine  (Maschkc). 

Between  KiO  and  200°  it  is  converted  into  a  body  which  is 
very  soluble  in  water,  and  the  solution  of  which  is  not  colored 
by  iodine.  This  solution  strongly  turns  the  plane  of  polariza- 
tion to  the  right ;  hence  the  name  i/r.rln'ii  given  lo  this  body, 
which  is  regarded  as  isomeric  with  Htnrch,  (('*H'°0')''.  A  very 
concentrated  solution  of  dextrin  has  the  appearance  of  a  solu- 
tion of  gum.  It  is  used  as  a  mneilagc  for  labels,  and  for  the 
preparation  of  immovable  sui^ieal  dres.singa. 

Alcohol  added  to  a  solution  of  dextrin  precipitates  the  latter 
substance  in  the  form  of  flakes.     Subacct«te  of  lead  does  not 
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predpitate  dextrin,  a  character  which  pL-rmils  the  litter  bod; 
to  be  distinguished  from  gam  Hnibic, 

When  Bt^reh  is  boiled  with  water  wntoining  a  tew  j«r  ecnl. 
uf  sulphuric;  acid,  it  is  first  converted  into  dextrin,  thon  bto 
glucose.  It  is  generally  considered  that  the  dextrin  is  fbmo] 
by  a  uniple  molecular  iransfDrtnation  of  the  element*  of  tbe 
starch,  and  that  the  glucose  ie  then  produced  by  the  ninpl« 
fixation  of  one  molecule  of  water. 


H'O 


CH-'O" 


According  to  Musculus,  this  is  not  the  case ;  but  solubli? 
starch  is  the  result  of  a  metaracric  transformation  of  Blartli, 
and  Bubsequently  is  converted  into  dextrin  and  g1ucoa<r  liy  ■ 
true  dccompoBttioD. 


cn-H)"    +    HK) 


CH-O"     CH'-O" 


By  the  prolonged  action  of  the  acid,  the  dextrin  itedf  ii 
convened  into  Bl«co«i. 

The  transformation  of  starch  into  dextrin  and  saccharine 
matter  (maltose)  takes  place  easily  under  the  tntfuence  of  • 
peculiar  ferment  which  is  develops  in  grain  during  germina- 
tion, and  to  which  the  name  diaara»e  has  been  given,  ll 
may  be  obtained  by  precipitating  aqtieoua  extract  of  malt  bj 
alcuhol. 

If  starch  be  triturated  with  one  and  a  half  times  its  wci^t 
of  concentrated  saiphuric  acid,  avoiding  an  elevation  of  urn- 
peralnre,  and  the  mixture  be  left  to  itself  for  half  an  honi  lai 
alcohol  then  added,  a  substance  is  precipitated  which  ig  soluble 
in  water  and  assumes  a  rich  blue  lint  by  the  action  of  iodinfc 
It  is  soluble  sttreh  tB&hamp). 

Starch  dissolves  abondanlly  in  monohydrated  nitric  add, 
and  water  precipitates  from  this  solution  a  white  sahstance, 
which,  after  washing  and  drying,  constitutes  xyluidin.  It  u 
mononitTo-ilnTch,  and  results  from  the  substituUun  of  a  gnap 
NO',  for  one  atom  of  hydrogen  in  starch. 

CH'W    +HNO'    =     H'O    4-     (rn'tVOTC 

BUrcll.  XyloMIn. 


Xyloidin  bums  with  defiagra 


IN  i;  UN  — Htr  OOGEN  — Q  U  Kd. 


INTTLm. 

This  body  ahto  U  lartr^ly  diffused  throughout  the  vegetablal 
kiogdum.     It  exLits  iii  tht.-  roots  of  tin-  olecuiupane  (^/nuZitiJ 
Ar/cn/umj,  obiuury,  uuii  SjmuUh  chamomik-,  in  thi?  bulb§  ofi 
colcliicuui,  tbi!  Inburs  of  thu  dahlia,  in  the  Jorusalem  arli'l 
chnkti,  Vic.     It  way  bu  extrauled  iWim  the  tubi>rs  of  the  dublu 
bj  redadng  ibein  to  u  pulp  uiid  wuabiug  the  latter  ia  a  RevBil 
under  a  struam  uf  water.     Tbe    uijlky  liquid  whiuh  i 
tbrungh  dcp'iaits  tbe  inuliii,  mhicli  Miuaists  uf  gninulus  aaalo>'| 
tfoaa  to  tliiuw  of  atarch.     It  swells  in  culd  wuti^r,  in  nbiuh  il 
tt  very  sligbtly  soluble.      Il  is  very  soluble  iu  iHiilitig  water 
vhinh  agmn  deposits  it  in  a  pulverulent  form  od  cooling.     Thb'l 
wiueoaa  solnlion  tamfi  the  ])1tuie  -of  pularization  to  the  left,  i 
It  b  not  colored  bluu  by  iuditie,  wbicD  communieaUsK  tu  it «  I 

Ee,  yelJow-bruMTii  tint, 
long  boiling  wilb  wan-r,  or  ly  tbu  luitjou  of  dilute  acids,  ^ 
ia  oonvericd  ioto  kvuluso. 
GLYCOGKN. 
C'IIi»U' 
I  body,  isomeric  with  ci-llalose  and  slarcb.  exists  in  the  ] 
eoooomy.     Claude  Biirnard  diseoverud  it  in  the  liveFj  ■ 
And  an«rvardFi  in  the  placenta.     It  e^cistx  algo  in  many  organs  i 
during  the  fLetjJ  life.     Nearly  pure  glyeogcu  may  be  obt^ned  1 
by  adding  a  large  quantity  of  erystitlliaible  acetic  acid  to  a  cold 
aiid  ounccntntlcd  decoction  of  liver.     It  m  ako  precipitated 
when  alcohol  ia  added  to  an  a^ueonn  decoction  of  liver.     In  a 
pare  rtnt«,  it.  is  a  while,  amorphous  powder.     When  dried  in 
tbe  air,  it  baa  tbe  eompoBJlion  CR"Cr  (E.  Pelouzc).     At  100° 
it  tuBua  one  molecule  of  water. 

With  water  it  forms  an  opalescent  li(|iiid.     Alcohol  and.  ] 
ctber  do  not  dissolve  it.     Boiling  with  dilute  aeida  converts  il 
||  ^ucRSe.     Iodine  communicates  to  it  a  violet  or  brown-red  ] 


GUMS. 

■  the  names  gunis  and  miteilngn  are  understood  certain  J 
^nces  existing  everywhere  in  tbe  vegetable  kingdom,  and  I 
^  diaaalve  or  awell  up  in  water,  (fivlng  a  mucilaginous  1 
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oonsistenoe  to  the  liquid.  The  gams  proper  are  dirtingniiihwi 
from  the  madlaginous  sahetanoes,  which  are  not  really  stable. 
Both  fximish  mucic  and  oxalie  aoidB  when  treated  with  nitrie 
acid.  Oum  ^imishea  at  the  same  time  a  small  qnantiCj  <rf 
tartaric  acid. 

Oum  Arable. — Oum  arabio  is  identical  with  Sen^al  gum. 
It  flows  naturally  from  diflferent  species  of  acacia.  It  dissohreB 
abundandj  in  cold  water  and  is  precipitated  from  its  solotioD 
by  alcohol  Fremy  condders  that  it  is  composed  easentiallj  of 
the  calcium  and  potassium  salts  of  an  add  which  he  designateA 
as  gummic  acid  (aroftm). 

When  dried  at  100^,  the  latter  body  has  the  compodtion 
indicated  by  the  formula  G^'BFO^'.  It  is  very  soluble  in 
water,  and  its  solutioA  rotates  the  plane  of  polaruation  to  the 
left. 

When  heated  to  120-150^,  it  becomes  insoluble  in  water 
and  is  converted  into  tneta^mmic  acid.  According  to  Fremy, 
the  gum  of  cherry-  and  plum-trees  is  a  mixture  of  gummateB, 
which  are  soluble  in  cold  water,  and  insoluble  metagummates. 
The  metagummates  are  insoluble  in  water,  but  when  boiled 
with  that  liquid  are  transformed  into  soluble  gummates. 

Subacetatc  of  lead  forms  an  abundant  white  precipitate  in 
solutions  of  gum  arabie. 

When  gum  arabie  is  boiled  with  dilute  sulphuric  acid,  it  is 
converted  into  a  mixture  of  two  saccharine  substances ;  one  is 
uncrystallizable,  the  other  crystallizes  in  large,  colorless  rhombic 
prisms,  having  a  sweet  taste,  and  fusible  at  1G0°.  It  is  called 
arahinose.  It  reduces  the  cupro-potassic  solution  and  b  not 
fermentable.     It  is  isomeric  with  glucose  (page  621). 

Oum  Tragacanth. — This  gum  flows  from  the  Astragalus  of 
the  Levant  and  of  Persia.  Bassora  gvm  is  derived  from  a  spe- 
cies of  cactus.  Both  contain  a  mucilaginous  matter  insoluble  in 
water,  but  which  swells  up  in  that  liouid,  forming  a  transparent 
jelly.  This  matter  is  hasson'n.  With  nitric  acid,  it  yields  much 
mucic  acid.  When  boiled  with  dilute  sulphuric  acid,  it  is  readily 
converted  into  crystallizable  glucose. 

CELLULOSE. 

C«uioo4 

This  name  is  given  to  the  matter  which  forms  the  waUs  of 
young  vegetable  cells,  and  which  is  dei)Osited,  mixed  with  other 
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matters,  in  the  older  cells,  particularly  in  ligneous  fibre.  The 
pith  of  the  elder  and  of  jEschynomene  paiudosa,  cotton,  old 
linen,  and  paper  are  almost  pure  cellulose. 

In  ligneous  fibres,  in  wood,  the  cellulose  is  permeated  by 
various  foreign  substances,  among  which  Payen  has  distin- 
guished the  incrusting  maUer  which  thickens  the  tissues  and 
gives  them  rigidity.  Among  the  others  are  nitrogenous  mat- 
ters, resins,  various  coloring  matters,  etc.  With  these  organic 
substances  in  the  ligneous  fibres,  are  united  the  mineral  ele- 
ments which  are  found  more  or  less  modified  in  the  ashes. 

Old  linen  and  cotton  serve  for  the  preparation  of  pure 
cellulose.  Such  materials  are  boiled  with  a  weak  solution  of 
potassium  hydrate,  washed,  and  successively  exhausted  with  a 
solution  of  chlorine,  acetic  acid,  alcohol,  ether,  and  water,  and 
dried  at  100°.  The  insoluble  product  which  remains  after  this 
treatment  is  considered  as  pure  cellulose. 

Properties. — Cellulose  is  a  diaphanous,  white  solid,  of  a 
density  of  1.25  to  1.45.  It  is  insoluble  in  water,  alcohol, 
ether,  and  the  dilute  acids  and  alkalies.  It  dissolves  in  the 
cnpro-ammoniacal  liquid  which  is  obtained  by  dissolving  cupric 
hydrate  or  carbonate  in  a  small  (quantity  of  concentrated  am- 
monia, or  better,  by  dissolving  metallic  copper  in  ammonia  in 
contact  with  the  air  (Schweizer). 

When  submitted  to  dry  distillation,  cellulose  leaves  a  residue 
of  carbon  and  yields  numerous  gaseous  and  liquid  products. 
The  gas  obtained  by  the  distillation  of  wood  is  used  for  illu- 
minating purposes  in  some  localities.  The  liquid  product 
ordinarily  separates  into  two  layers,  one  of  which  is  aqueous 
and  contains  acetic  acid,  wood-spirit,  acetone,  etc. ;  the  other  is 
insoluble  in  water  and  constitutes  uood-far. 

When  cellulose,  charpie  for  example,  is  sprinkled  with  con- 
centrated sulphuric  acid  and  the  mass  Is  rapidly  triturated,  a 
viscous  mass,  having  but  little  color,  is  obtained ;  it  contains, 
independently  of  a  compound  of  .sulj)huric  acid  and  cellulose 
(sulpho-ligneous  acid),  substances  wliich  result  from  the  dis- 
integration of  the  cellulose.  Aceordinirly,  as  the  action  of  the 
acid  is  more  or  less  prolonged,  a  substance  is  obtained  which  is 
insoluble  in  water  and  colored  blue  by  iodine  and  consequently 
analogous  to  starch,  or  a  soluble  matter  analogous  to  dextrin 
(B^hamp).  When  water  is  added  to  this  viscous  mass  and 
the  whole  is  submitted  to  a  prolonged  ebullition,  fermentable 
glucose  is  formed  (Braconnot). 
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CH-O*    +     H*0    =    CH"0' 

Wben  p^er  in  dipped  into  a  oold  tnixtare  of  sulpbtirio  acid 
with  half  iu  Tolume  of  n«I«r,  and  is  then  carefally  washed  anil 
dried,  a  aemi-transpurent  matter  is  obtained  wliit-h  Ijuk  a  wrtain 
rigidity,  and  is  aimilftr  to  parchment  in  Mpe<-t  I  Fipuei  and 
PoumarMe,  Uufmanii).     It  is  colled  refutable  puruhment 

A  M>ld  solution  of  i;hluride  of  line  cunverta  cellulose  into  u 
amyloid  uatter  which  is  txilored  blue  by  iodine ;  if  heat  be 
applied,  the  whole  is  disBoWed  and  glucoae  is  formed. 

WheD  cbarpie  is  heatetl  with  a.  i»DceDtrBt«d  solution  of  cal- 
t-ium  hypochlorite  (chloride  of  lime),  a  verj-  violent  reaclioD 
takes  plsce,  and  lorreota  of  carbon  dioxide  are  eTolved. 

W  cellulose  be  heated  lo  180°  with  acetic  anhydride  il  li 
uonveruid  inio  the  triaoctin,  CH'0'(,Cli'0')',  an  amorphou 
mass  suluble  in  acetic  acid. 

6iUL>Cottoa — When  carded  cotton  is  immereed  tor  half  > 
niiiiuU'  in  moniihydrated  nitric  acid,  and  then  rapidly  wash«<l 
in  a  large  quantity  of  water  and  allowed  to  dry  in  the  air,  > 
substance  is  obtained  which  posse^sus  all  the  exterior  appear- 
ances  of  cotton,  but  is  very  inflammable  and  barns  suddenly 
without  residue.  It  is  ^n-cotton,  ur  pyroij/Un,  which  ma 
discovered  by  Schunbein  in  1S47. 

In  its  prejuratiou,  the  monohydrnted  nitric  acid  may  be 

advanti^euusly  replaced  by  a  mixture  of  one  vtilume  uf  funiing 

nitric  acid  and  three  volumes  of  sulphuric  acid.     Pyroxylin 

seems  to  be  a  mixluri'  uf  dinitroeelluluse  and  trinitrocellnloae 

CH'»0'        CH'0'ta-NO'/         C*H'O'(0-N0')' 

CilluluH,  IMDlUuo^llului*.  Triullroollulow. 

These  bodies  are  true  nitric  ethers,  analc^ous  to  nitro- 
glycerin. Alkalies  decompose  them  into  an  alkaline  nitnie 
and  cellulose. 

Gun-iM)tton  looks  like  cotton,  hut  is  umrc  hareh  to  the  touch 
and  sometimes  has  a  light  yellowish  tint.  It  bums  with  i 
sodden  flash,  leaving  no  residue,  and  produces  a  great  volune 
of  fjiaseous  products  consisting  of  ctirbon  monoxide,  eaihoi 
dioxide,  nitro^^n  dioxide,  elo.,  and  vapor  of  water.  Giui-cotlDn 
is  insoluble  in  wauir,  alcohol,  ether,  chloroform,  and  the  cupro- 
ammoniacul  solution.  It  is  more  or  lees  soluble  in  a  mixture  uf 
■loohol  and  ether,  and  the  solntion  is  employed  in  surgery  ui 
photography  under  the  name  coUoditm.  Pure  trinitrooelluliW 
i»f  howerer,  insoluble  in  alcoholic  ether.     When  pyroxylin  it 
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heated  with  a  concentrated  solution  of  fenroos  chloride,  ni- 
trogen dioxide  is  disengaged,  and  cellulose  is  regenerated 
(B^^hamp). 

GLUCOSIDES. 

The  glucoaides  are  complex  compounds,  which  hreak  up 
under  various  conditions,  fixing  the  elements  of  water  and 
yielding  glucose  and  other  bodies,  just  as  the  compound  ethers, 
in  fixing  the  elements  of  water,  are  decomposed  into  alcohols 
and  acids. 

This  definition  seems  to  relate  the  glucosides  to  the  com- 
pound ethers,  a  relation  with  seems  legitimate,  since  it  has 
been  shown  by  the  experiments  of  Berthelot  that  glucose  has 
the  Unction  of  a  polyatomic  alcohol. 

Various  immediate  principles  of  vegetable  origin  can  be 
classed  as  glucosides.  We  may  mention  particularly  the  fol- 
lowing : 


OLVOOSIDZa. 

Amygdalin 
Salicin     . 
Popalin   . 
Phloridxin 
Arbotin   . 
Convolvulio 
Jalappin  . 
Esculin    . 
Fraxin 
Daphnin  . 
Qmnovin . 
Quercitrin 
TaoDiD 


FOmMVLAR. 

C«H"NO» 
C»HWOT 


o&ioni. 


bitter  almoDds. 

willow  and  poplar  bark. 

bark  and  leaves  of  the  aspeo. 

bark  and  roots  of  fruit-trees. 

leaves  of  the  Aretottaphylot  uva  wH. 


CS4HW0WJ  J»^*P-">®^ 

C»iH"0»»  bark  of  India  chestnut 

CrJRMon  bark  of  the  ash. 

QS1|}34019  Daphne  alpi»a,  Daphne  mezereum, 

0»H«0»  bark  of  China  nooa. 

C^WHy^  bark  of  Quercus  tinotoria  (qaeroitron). 

C"H«0"  oak-bark,  nut-gall,  etc 


Among  all  of  these  bodies,  we  will  only  consider  amygdalin, 
salicin,  populin,  phloridzin,  and  tannin,  or  tannic  acid. 

Amygdalin,  U*H"NO".— This  body  is  extracted  from  the 
cake  of  bitter  almonds,  and  it  deposits  from  its  alcoholic  solu- 
tion in  crystals  containing  two  molecules  of  water.  Its  aqueous 
solution  allows  it  to  crystallize  in  quite  large  crystals  contain- 
ing three  molecules  of  water. 

Amygdalin  is  very  soluble  in  water  and  in  boiling  alcohol. 
Its  aqueous  solution  rotates  the  plane  of  polarization  to  the 
left. 

By  the  action  of  dilute  acids  amygdalin  is  decomposed  into 
hydrocyanic  acid,  benzoyl  hydride,  or  benzoic  aldehyde  (oil  of 
bitter  almonds),  and  glucose. 
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Its  taste  is  sweet;  it  is  but  slightly  soluble  in  water,  more 
soluble  in  alcohol.  By  the  action  of  dilute  acids,  it  is  decom- 
posed into  benzoic  acid,  saliretin,  and  glucose  ;  the  latter  two 
products  result  from  the  decomposition  of  salicin,  so  that  popu- 
lin  appears  to  be  a  combination  of  benzoic  acid  and  salicin. 

C»H«0»    +     H'O    =    CWG"    +     C"H"0' 

Populin.  Benzoic  add.  Salicin. 

Phloridziii,  C«H**0*»  +  2H*0.— This  substance  exists  in 
the  bark  of  apple,  pear,  plum,  and  cherry  trees,  and  principally 
in  the  roots  of  fruit-trees.  It  may  be  extracted  by  boiling  the 
roots  with  water,  decanting  the  boiling  solution,  concentrating 
it,  and  allowing  it  to  stand  in  a  cool  place.  The  phloridzin 
deposits  on  cooling,  and  may  be  purified  by  recrystallization 
after  decolorizing  it  with  animal  charcoal. 

When  pure,  it  forms  colorleas,  silky  needles,  having  a  bitter 
taste,  and  an  after-taste  which  is  sweet.  It  is  scarcely  soluble 
in  cold  water,  but  dissolves  abundantly  in  boiling  water  and 
in  alcohol.  The  alcoholic  solution  turns  the  plane  of  polariza- 
tion to  the  left. 

Dilute  sulphuric  and  hydrochloric  acids  decompose  it  into 
phloretin  and  glucose. 

C«HMQ10     _^     JJ20     :=     C''W*W     +      C«H"0« 

Fbloridzin.  Fliloretin.  Glucose. 

Phloretin  is  a  white  substance  which  crystallizes  in  little 
scales,  slightly  soluble  in  water  and  very  soluble  in  alcohol. 
When  phloretin  is  heated  with  potassium  hydrate,  it  breaks  up 
into  phloretic  add  and  phhrogludn. 

C"H"0^     +     IPO==     Q^W^(y     +     C«H«0' 

PhloreUn.  Phloretic  acid.  Phloroglucin- 

Phloroglucin  forms  large  crystals  having  a  sweet  taste. 
Tannin,  or  Tannic  Acid,  C'^H^O". — The  names  tannins 

and  tannic  acids  are  applied  io  certain  slightly  acid  compounds 
which  are  largely  diffused  in  the  vegetable  kinji^dom,  and  which 
have  two  important  properties :  they  precipitate  solutions  of 
gelatin  and  albuminous  matters,  and  pnnluce  a  bluish  or 
greenish-black  color  with  the  ferric  salts.  The  most  important 
of  these  compounds,  the  tannin  of  oak  bark,  or  (juercit^innic 
acid,  is  a  glucoside.  By  the  action  of  dilute  acids  it  is  decom- 
posed into  gallic  acid  and  glucose  (Strecker). 

Tannin  exists  in  oak  bark,  in  sumac,  and  in  large  quantities 
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4  separated  and  dried 
8  a  light,  bnlkj  mm, 

B  solid,  haviDg  a  very  asUio' 
a  wat«r,  less  soluble  io  alcohol, 


in  nut-galls,  which  are  excrescences  developed  b;  the  stiog  of 
an  iuseft  on  the  leaves  and  hmnches  of  the  Qurrcut  ia/rctoria. 

It  is  prepared  by  intritdncing  coarsely-powdered  nul-gJla  iolo 
a  percolator,  and  exhausting  them  with  ordinary  eonuneriMl 
ether.  The  ethereal  aolution  which  passes  through  is  collect«d 
in  a  flask,  and  in  the  course  of  a  day  separates  into  Cwn  tir 
tKiiuetimes  three  layers.  The 
trated,  aqueous  solution  of  tan 
in  B  hot-air  oren.  The  tannin 
having  a  yellowish  color. 

Tannin  is  a  colorless,  amorphc 
gent  taflte.  It  is  very  soluble  * 
insoluble  in  pure  ether. 

It  melt^  when  heated,  and  between  210  and  215°  it  di> 
engages  carbon  dioxide  and  yields  pyrogallol,  CH*0*,  whidi 
volatilizes.     A  bluvk  residue  remains  (_metagallic  acid). 

On  wntact  with  the  air,  the  aqueous  solution  of  tannic  adJ 

absorbs  oxygen,  disengages  carbon  dioxide,  and  depoaits  pUic 

acid.     Thia  transformation  takes  pla^e  more  rapidly  when  Oik 

tannin  is  boiled  with  dilute  sulphuric  or  hydrochloric  acid. 

C"H''0"     +    4H'0    -=     aCHH)*    +     C*U"0" 

TiDDln.  UiUlcKid.  Glncnr. 

The  researches  of  H.  ScbiiF  seem  to  show  that  («nnin,  prop- 
erly speaking,  is  not  a  glucoside  but  is  ilii/allit;  acid,  C'*li'*0'. 
that  is,  an  acid  derived  from  two  molecules  of  gallic  acid  by  the 
subtraction  of  one  molecule  of  water.  By  fixing  the  elements 
of  water,  a  molecule  of  tannin  would  form  two  molecules  of 
gallic  acid. 

CH'-t)"     +     WO    =    2CH'0' 

Dlinllia  uid.  Gallic  Kid. 

A  solution  of  tannic  acid  produces  with  ferric  salts  a  blnifh- 
black  precipil&te,  which  constitutes  ink.  Tannin  does  notcolpi 
ferrous  salts,  but  the  mixtaro  soon  blackens  on  exposure  to  llie 
air  by  absorbing  oxygen. 

Tannin  is  employed  in  wediciue  as  an  astringent  Nnt-gtik, 
which  are  very  ricli  in  tannin,  arc  used  for  the  manufactuK  af 
ink.  A  good  ink  may  be  prepared  by  the  following  receipt; 
Onekilograuimeof  powdered  nut-galls  isexhausted  with  l-llitns 
of  water ;  the  solution  is  filtered,  and  a  solution  of  500  grammei 
of  gam  arabic  is  first  added,  then  a  solution  of  500  grammea  of 
terrouB  nulphale  (green  vitriol ),  The  misture  ia  well  stirred  up, 
and  then  exposed  to  the  airuntil  it  has  acquiredafine  black  color. 
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ACIDS    DERIVED    FROM    THE    SACCHARINE 

BODIES. 

Two  isomeric  acids,  gluconic  and  Icustonic  acids,  resalt  from 
the  oxidation  of  glucose  and  lactose  by  silver  oxide  and  chlorine 
water. 

C«H"0*  +  O  =  C«fl"0'  gluconic,  and  lactonic  acids. 

These  acids  are  not  crjstallizable,  and  occur  as  thick  syrups. 
Thej  are  monobasic. 

Two  dibasic  acids,  C^H'^O",  saccharic  and  mucic  acids,  are 
formed,  the  first  by  the  oxidation  of  mannite,  glucose,  sac- 
charose, etc.,  by  nitric  acid,  the  second  by  the  oxidation  of 
dnlcite,  lactose,  and  galactose  by  the  same  reagent.  Saccharic 
acid  is  uncrystallizable,  and  constitutes  a  syrupy,  very  acid  mass. 
The  relations  between  glucose  and  these  acids  may  be  expressed 
by  the  following  formula : 

CH'.OH  CH'.OH  CO.OH 

(CH.OH)*  (CH.OH)*  (6h.0H)* 

CHO  CO.OH  CO.OH 

GluooM.  Oluoonio  acid.  Sacchario  add. 

MUCIC    ACID. 

CCHIOQS 

This  acid,  which  was  discovered  by  Scheele,  is  prepared  by 
heating  one  part  of  lactose  with  two  parts  of  nitric  acid  of 
density  1.4.  As  soon  as  red  vapors  appear,  the  mixture  is 
allowed  to  cool,  and  afterwards  re-heated  until  no  more  red 
vapors  are  disengaged.  Mucic  acid  separates  as  a  white, 
crystalline  powder. 

It  is  almost  insoluble  in  alcohol  and  cold  water ;  dissolves  in 
60  parts  of  boiling  water.  At  210^  it  fnses  with  partial  de- 
composition. By  long  boiling  with  water,  it  is  converted  into 
an  isomeride,  paramuctc  acid.  When  boiled  with  nitric  acid, 
it  yields  paratartaric  and  oxalic  acids. 

Pyromucio  acid,  C*HO*. — By  dry  distillation,  mucic  acid 
loses  the  elements  of  water  and  carbon  dioxide,  and  is  con- 
verted into  the  pyrogenous  pyromucic  acid. 

(?w(y  =  c^w(y  +  3H»o  +  cc 

Pyromncic  acid  forms  small  needles  or  scales,  soluble  in 
alcohol  and  in  hot  water.  It  fuses  at  134°.  Its  aqueous 
solution  is  colored  green  by  ferric  chloride. 

Pyromucic  acid  is  monobasic.      When  treated  by  bromine 
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andvaUr,  it  is  oxidized  into  fumaric  acid  (p^e  59S),  cubi 
dioxide  being  diBen^agod. 

Cft'O"  +  Br*  +  H'O  =  Cn'O*  +  CO'  +  2HBr 


PECTIC    MATTERS. 

These  bodies,  of  which  the  ooDstitution  is  still  obecnre,  ue 
lai^clj  diffused  in  the  vegetable  world,  uotably  in  ienhy  Fniia 
aud  in  iniiny  roots.  Thej  all  gelatinize  with  water.  Among 
them  we  can  ouly  meniiun  peclin,  whicli  exists  in  ripe  fniiL, 
in  which  it  is  formed  hv  the  aetiou  of  a  renneiit  on  au  in»i]uble 
body  called  pecltue  (Fremy).  It  may  be  obtuineil  from  ripe 
pears  by  precipitatin};  the  juice  by  osalio  acid,  which  removes 
the  calcium.  The  filtered  liquid  is  treated  with  tuunin,  whiuh 
sepnratuii  the  albuminoid  matters,  and  from  the  new  filtrate 
alcohol  will  precipilaic  the  peciio  in  long,  gelatinous  Blamenta. 
A&MT  dryiug,  it  furnia  an  insipid,  anorpljous  mass,  soluble  in 
water.  It  is  precipitated  from  its  Golution  by  alcohol  and  bj 
basic  lead  acetate. 

By  alkalies,  and  by  a  peculiar  ferment,  called  pedtae,  thu 
may  be  s^ratcd  from  the  juice  of  carrots  by  the  addition  of 
alcohol  (Fremy),  pectin  is  converted  into  gelatinous  adcb, 
peaoaic  acid,  CH^O"  +  3H'0,  and  ^erfic  acid. 

AROMATIC  COMPOUNDS. 
The  cnnipoutids  which  we  have  studied  thus  f&r  are  rioh  in 
at«mR  of  hydrogen.  Plost  of  them  are  saturatod  or  derired 
from  saiiiratc'd  ciinipound!<.  The  hydrocarbons  of  tho  germ 
CU"^',  the  alcohoU  CH'-'K),  the  &tty  acids  C''H'K)',aK 
nf  these  classes  of  compounds  the  most  rich  in  hydritgen  that 
are  known  ;  they  belong  to  what  b  called  the  J'alfjf  »ena.  Bat 
there  are  other  comfiuunds  which  pcissese.  like  the  p 
the  churaettirH  of  hydrucurbons,  alcohols,  and  a 
the  relation  between  the  atoms  of  carbon  and  of  liydrogeD  is  not 
the  same.  The  Bt4)ms  of  the  latter  element  decresse  in  noin- 
ber  in  proportion  to  those  of  the  former.  These  relationa  nuf 
be  understood  by  a.  glance  at  the  tbliowing  formnltB : 

C:i*H»  deojleoo.  C"II"^  lujut  c&iiipbDr. 

('">H"0  IlurnrM  oamuhor. 
CiKHiAO  nrdinar;  ninplior. 
C">H»0  Ihyipol, 


the  preuwIinKi 
lids,  in  which 
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A  large  minibcr  of  these  unBaUinitisU  cuuipuDndti  belong 
or  are  rulateil  to  those  nromatie  Mubstanwa  wlucli  iirc  ealliid  1 
eseenccB  or  e»entiul  oils.     Hence   the  niUDe  artimatic  cent-  J 

Ciuli,  vhich  lute  bveu  g'iveii  Ui  all  of  theac  budieu  uiiiituiDing  I 
little  hydrogen. 

The  miMt  iutvreiiting  of  the  hvdTomrboDs  of  the  HniTii 
svrice  is  Ixmiui,  nhie)]  ia  now  obtained  in  large  [luunlitivH  from  J 
cunl-tor.  It  is  aa  Iiiiprirtant  by  reasun  pi'  the  applications  whivlt  I 
it  has  rcLi-'ivcd  in  the  arts  aa  on  aeL-ouni  of  the  thuorctical  cun-1 
^derations  which  attach  to  it.  Kckule  has  made  it  the  eentre  I 
of  llic  aromatic  scries  which  would  ini'ludo,  in  a  liuiiteil  aense,  ] 
unlylhe  derivativee  of  K'nKune.  In  a  word,  the  latter  body  is  1 
the  nncleiis  of  all  the  aromatic  compounds.  j 

While  benzene  is  u»[  netilurutud  hydrocurbou.it  resciiibles  the 
l&tter  compoonds  in  that,  ezceptio};  a  fen  eases,  it  forma  other  4 
compounds  otily  hy  substitulion  of  other  atoms  or  groups   for  I 
iu  atoms  uf  hydrogen.     Tliia  curioua  properly  will  be  better 
uiidi?r8iCK>d  when  some  of  these  aabiititutioD  compouuds  shall 
have  been  nxplaJLied,  and  we  DODaidiic  the  ooustitution  of  benzol. 

Very  numerous  and  very  different  aromatic  finnpontulB  aro 
derived  hy  the  substitution  of  diffi:r«Dt  element*  or  groups  lor 
iho  hydrogen  atoms  in  tho  molecule  of  benzene,  that  molecule 
ronnitip,  an  to  apeak,  the  nucleus   of   all  the    aromatic  com- 

1.  The  hydrogen  of  benzene  may  be  readily  replaced  by  chlo- 
rioe,  bromine,  etc.,  by  which  nionochlorobenzene,  monobromo- 
!,  dichlorobenzono,  etc..  are  obtained, 
l-ll"  CH'C!  C'lPBr 


C'lI'Cl'  C»H'Iir' 


VVKeao  ebloridea  and  bromides  acu  anuluj;ous  tu  the  eorre- 
^Mdinp  ooiupoouds  of  the  fatty  series,  but  the  chlorine  or 
bniminu  is  much  more  atningly  eomhiocd  with  the  beniene 
nucleus,  and  eaunol  be  exchanged  by  double  decomposition,  as 
is  the  cuBc  with  ethyl  broiuide  atid  i^thylene  bromide,  etc. 
"'.  By  Irealiuent  with  stnmg  nitric  acid,  the  hydrogen  of 


r  more  groups  (NO'J,  form- 


liydroge 
NO'J,  1 


648  ELEMENTS  OF  MODERN  0HEMI8TBT. 

3.  The  substitution  of  the  group  (NH')  for  one  atom  of 
hydrogen  produces  phenylamine,  or  aniline ;  that  of  two  groups 
NH^  for  two  atoms  of  hydrogen  yields  phenylene-diamine. 

C6H«  C«H»-NH«  ^^*<Nfl» 

Benzene.  Phenylamine  (aniline).        Pbenylene-diamine 

and  its  iwmeridea. 

4.  The  amines  of  benzene  result  from  the  reduction  of  the 
nitrobenzenes,  but  there  are  other  products  of  the  reduction  of 
nitrobenzene.  They  are  the  a5:o-derivatives,  of  which  azoben- 
zene,  C^'^H^^N',  discovered  by  Mitscherlich,  is  the  type.  They 
contain  two  nitrogen  atoms  (N  =N),  so  united  that  each  pos- 
sesses one  free  atomicity  which  may  be  satisfied  by  a  monatomic 
group  such  as  C*H*. 

By  the  action  of  nitrous  acid  on  aromatic  compoundfl  ood- 
taining  the  group  NH',  peculiar  explosive  compounds  are 
formed.  They  are  the  (fto^o-dehvatives,  and  contain  also  the 
group  N  N,  of  which  one  affinity  is  satisfied  by  a  monatomic 
aromatic  group,  and  the  other  by  some  other  monatomic  radical 
or  element.     Such  is  diazobenzene  chloride. 

Cl-N 

The  azo'  and  cftazo-compounds  are  characteristic  of  iXi^ 
aromatic  series ;  they  do  not  exist  in  the  series  of  saturated 
hydrocarbons. 

5.  The  replacement  of  one  or  more  atoms  of  hydrogen  bj 
the  same  number  of  hydroxyl  groups  converts  benzene  into 
compounds  known  as  phenols.  They  represent  the  alcohols  of 
the  saturated  hydrocarbons,  but,  while  the  alcohols  are  perfectly 
neutral,  the  phenols  have  acid  characters,  although  neutral  to 
litmus. 

C'H^.OH  C?H*<Jc5  C*HVOH 

OH  X^g 

Phenol.  Ozyphenol  Dlozyphenol 

(reeorcine  and  isomerides).         (phlorofc'nciu  and 

iaumerideB). 

6.  If  one  or  more  atoms  of  hydrogen  in  benzene  be  replaced 
by  as  many  methyl  groups,  CH',  the  superior  homologues  of 
benzene  are  obtained. 
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C*H*   -C^H*  benEene. 

CTH8  =  C«H»-CH»     toluene  (methylbeniene). 

(^8}{io  -.  C*fi*^QU3  xjlene  and  isomerides  (dimethylbensene). 

^CH3 
C*Hi'  =  C^H*^— CH'  mesitylene  and  isomerides  (trimetbylbensenes). 

CH' 
C12H18  =,  C(CUS)«        bexametbylbenxene. 

One  ethyl  group  can  replace  one  atom  of  hydrogen  in  hen- 
zene,  and  ethylbenzene,  which  is  isomeric  with  dimethylben- 
zene,  would  result. 

C«H*-C«H»  C«H*<^^ 

Ethylbenzene.  Dimethylbensene. 

There  are  many  instances  of  such  isomerism,  and  they  re- 
ceive the  same  interpretation. 

One  atom  of  hydrogen  in  benzene  may  be  replaced  by  a 
propyl  group,  C'H^  and  propyl  benzene,  which  id  isomeric 
with  trimethylbenzene,  is  the  result. 

One  atom  of  hydrogen  may  be  replaced  by  an  ethyl  group 
and  another  by  a  methyl  group,  and  the  new  compound  would 
be  ethyl-methylbenzene,  isomeric  with  propylbeuzene  and  with 
trimethylbenzene. 

C«H*-C»H»  C«H«<^'S*  C«H»^H« 


Propylbenseno  (cumene).        fEthyl-meythelbeDzene.  TrimetbylbcnMne. 

These  alcoholic  radicals,  which  are  thus  substituted  for  the 
hydrogen  of  benzene,  constitute,  according  to  the  expression  of 
KekuU,  lateral  chnws,  which  are  grafted,  so  to  speak,  on  the 
benzene  nucleus  or  principal  chain. 

7.  The  aromatic  acids,  properly  speaking,  result  from  the 
substitution  of  one  or  more  carboxyl  groups,  CO  OH  =  CO'H, 
for  one  or  more  hydrogen  atoms  in  the  benzene  nucleus. 

C«H«       C«H*-CO«H       C«n*<^^2^         C«H«(CO«H)»      C«(CO«H;« 

Benzene.     Benzoic  acid.         Phthalic  add  Tiimesic  acid        Mellic  acid. 

and  iaomerides.  and  isomerides. 

8.  Isomerism  of  Constitution  in  Substituted  Benzene  De- 
rivatives.— In  the  homologues  of  benzene,  the  sub.stitution  of 
CI,  Br,  OH,  NH',  CO'H,  etc.,  for  hydrogen,  may  take  place 
either  in  the  benzene  nucleus  or  in  the  lateral  chain :  isomeric 
compounds  arc  thus  formed. 

a.  By  substitution  of  one  atom  of  chlorine  for  an  atom  of 
hydrogen  in  toluene,  two  isomeric  conipounds,  C^H'Cl,  may  be 
obtained.     In  one,  the  chlorine  will  be  attached  to  the  lateral 
00  65 


660  SLXMBirTB  or  modbut  cpuibtet. 

chain ;  in  the  other,  it  will  be  attached  toihe  benienc  andeiis, 
as  18  Qie  group  CH*  itMl£ 

OmM}H»  CTOM3H«CI  ^•*'*<CT» 

ToliMiM.  BMi^yl  cfalorlito.  OUorotolMiiB^ 

b.  The  phenols  reeolt  firom  the  snhetitataon  of  /)H  ftir  an 
atom  of  hydrogen  in  the  nudens.  If  this  sahatitntion  take 
place  in  a  lateral  chain,  an  aromaiic  alcohol^  iaomexic  with  tlie 
corresponding  phenol,  is  obtained. 

C«HM?H»  C^HMJH«(OH)  <5^*<cff 

TohMoe.  Benqrlic  akolioL  CtmoL 

c.  The  substitntion  of  a  carboxjl  gronp.  CO'H,  for  an  atom 
of  hydrogen  in  the  benzene  nucleus  of  toluene,  C^HMHIP,  pro- 
duces the  aromatic  acids,  toluic  acid,  and  its  isomerides;  H 
however,  the  carboxyl  replace  a  hydrogen  atom  in  the  lateral 
chain,  CH',  alpha-tofuic  add,  isomeric  with  the  preceding  adds, 
results. 

C«H»-CH»  ^^*<00»H  C«HM?HMX)«H 

Toluene.  Tolnio  adds.  Fbenjlaottk  add. 

d.  When  two  groups  OH  are  substituted  for  two  atoms  of 
hydrogen  in  the  priocipal  chain,  oxyphenols  are  formed.  If 
this  substitution  takes  place  in  both  the  benzene  groap  and  in 
the  lateral  chain,  phenol  alcohols  result 

Orotn.  SaUgeoin. 

e.  The  substitution  of  the  group  NH'  for  one  atom  of  hydro- 
gen in  the  principal  chain,  on  the  one  hand,  and  in  the  lateral 
chain,  on  the  other,  produces  isomeric  alkaloids. 

C«n*-CII(NH«)  C«H:<^^y 

Bensylamine.  Tol«c«dine. 

9.  Isomerism  of  Position  in  Substituted  Benzene  Derin- 

xives. — In  addition  to  the  preceding  isomerisms,  the  lateral 
chains  may  be  gratled  at  different  points  of  the  benzene  nudeitf 
by  substitution  for  the  different  hydrc^n  atoms.  Their  poo- 
tions  and  their  relative  distances  from  each  other  are  the  cansei 
of  numerous  isomerisms,  called  isomerisms  of  position,  to  dis- 
tinguidh  them  from  the  isomerisms  of  constitution  already 
explained. 

It  is  important  to  understand  the  principle  of  this  isoump* 
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ism.  Let  us  consider  the  most  simple  case,  that  in  which 
two  atoms  of  hydrogen  are  replaced  by  two  other  monatomic 
atoms  or  monatomic  groups.  Such  compounds  are  the  di- 
substituted  derivatives  of  benzene,  and  experiment  has  shown 
that  there  |ire  three  di-substituted  derivatives  of  each  kind. 

Thus  there  are  three  hydrocarbons  containing  two  groups 
CH',  each  substituted  for  one  atom  of  hydrogen  in  benzene; 
three  phenols,  each  containing  two  groups  OlQ ;  three  acids, 
each  containing  one  group  CCPH,  and  one  group  OH,  substi- 
tuted each  for  one  atom  of  hydrogen,  and  three  acids,  each 
containing  two  carboxyl  groups  substituted  for  two  atoms  of 
hydrogen.  Indeed,  this  substitution  may  take  place  in  three 
different  ways ;  which  may  be  understood  when  we  have  studied 
the  foilowinir : 

Theory  of  the  Constitntion  of  Benzene. — Of  the  theories 
which  have  been  proposed  to  explain  the  constitution  of  the 
benzene  compounds,  three  are  worthy  of  mention :  they  are  those 
of  Kekul^,  Claus,  and  Ladenburg.  Any  theory  must  account  for 
the  tenacity  with  which  the  six  carbon  atoms  are  bound  together, 
for  the  difficulty  with  which  they  form  any  other  than  substi- 
tution derivatives,  and  for  the  isomerisms  already  mentioned. 

KekuM's  theory  considers  that  the  6  atoms  of  carbon  of 
benzene  form  a  closed  chain,  each  being  bound  to  its  neighbors, 
on  one  side  by  one,  and  on  the  other  by  two  bonds  of  saturation. 
One  atom  of  hydrogen  is  attached  to  each  of  these  carbon  atoms. 

H 

A 

H-C     C-H 


U-b 


II 
C-H 


Beozene.* 

Innumerable  experiments  have  shown  that  the  chemical  value 
of  each  of  the  six  hydrogen  atoms  of  benzene  is  absolutely  the 
same.  If  by  the  action  of  reagents  one  of  these  hydrogen  atoms 
be  replaced  by  another  atom  or  group  of  atoms,  it  is  a  matter 

*  In  this  formala,  the  connecting  lines  indicate  the  saturation  of  the 
atomicities;  the  double  lines  indicate  the  exchange  of  two  atomicities 
between  two  neighboring  atoms  of  carbon. 
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of  indifferenoe  which  of  the  hydrogen  atoms  is  so  rephoed,  the 
product  is  always  identical.  This  fact  indicates  that  the  arrange- 
ment  of  the  hydrogen  atoms  is  perfectly  symmetrical  in  relatioo 
to  the  carbon  atoms  arunnd  which  they  are  grouped.  In  other 
words,  the  molecular  ooDsdtution  of  bensol  must  be  (CH)*.  In 
consequence,  each  atom  of  carbon  must  be  united  to  one  atom 
of  hydrogen, — a  condition  fulfilled  by  Kekul6*s  theory, — and 
each  carbon  atom  must  be  symmetrically  related  to  the  other 
carbon  atoms  with  which  it  is  combined.  The  latter  condition 
is  not  satisfactorily  filled  by  Kekul6*s  theory,  for  a  carbon  atom 
would  exchange  a  double  affinity  with  its  neighboring  atom  on 
one  side,  while  with  that  on  the  other  side  it  would  exchange 
but  a  single  atomicity.  It  would  follow  that  the  combination 
should  be  stronger  on  one  side  than  the  other,  and  the  molecule 
would  be  dissymmetric. 

This  difficulty  disappears  in  the  structure  proposed  by  Glaus, 
which  is  represented  as  follows : 

H        H 

c       c 


0         c 

H  H 

As  will  be  seen,  each  carbon  atom  would  here  be  related  to 
three  other  carbon  atoms, — its  two  adjoining  atoms  and  that 
opposite, — and  would  be  united  to  the  hydrogen  atom  by  its 
remaining  atomicity. 

For  the  hexagonal  arrangements  of  Kekul^  and  Clans,  Laden- 
burg  proposes  a  prismatic  form,  supposing  that  the  carbon  atoms 
occupy  the  angles  of  a  triangular  prism,  each  being  united  with  an 
atom  of  hydrogen  and  with  the  three  adjoining  atoms  of  carbon. 

HC CH 
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The  moleoale  so  ooooeived  is  perfectly  symmetrical,  sod  La- 
denbarg's  theory  is  by  most  chemists  at  present  ooosidered  the 
most  satisfactory.  Ais,  howeverf  it  is  more  difficult  to  represent 
the  prismatic  than  the  hexagonal  form,  we  will  preserve  the 
latter,  and  will  presently  show  how  Ladenburg*s  prism  may  be 
conformed  to  Keknl^'s  hexagon. 

liomeriitm  of  Pontion, — In  the  benzene  molecule  the  position 
of  each  atom  of  hydrogen  is  of  the  same  value,  but  it  will 
be  convenient  to  number  these  positions  as  in  the  following 
design: 

3. 6 


or 


rvl 

1 

4 


Acoordiog  to  KekuM  and  CUtna. 


According  to  Ladenbarg. 


If  we  suppose  the  lower  base  of  the  pyramidal  representation 
to  be  rotated  through  180°  to  the  right,  and  the  upper  base  to 
be  projected  on  it,  we  will  obtain  a  polygon  of  which  the  angles 
correspond  perfectly  to  the  hexagonal  representation,  and  will 
bear  the  same  numbers,  thus : 


Experiment  has  shown  that  if  but  a  single  atom  of  hydrogen 
in  benzene  be  replaced  by  another  monatomic  atom  or  group,  the 
resulting  compound  does  not  vary,  and  is  incapable  of  isomerism. 
This  is  not,  however,  the  case  if  two  hydrogen  atoms  be  re- 
placed, for  theory  then  predicts,  and  experiment  confirms,  the 
existence  of  three  isomeric  compounds  in  each  case.  This 
isomerism  results  from  the  different  positions  of  one  of  the 
substitated  atoms  or  groups  with  relation  to  the  other  in  their 

56* 
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•UftdiBient  to  the  bemene  nofllflvii.  IM  X  and  T  be  the  two 
Bobstitated  monetomic  atoms  or  groups,  soeh  is  ehlorioe,  bj- 
droxyl,  nitryl,  ete.,  then  the  isomOTsni  woald  be  cgpwawd  ii 
follows: 

OX  cot  GX 


HO 


OH 


CH 


The  position  at  1  being  always  supposed  to  be  oocnpied  hj 
one  of  the  substitated  groups,  the  compounds  are  named  ariho 
if  the  other  replacement  be  at  2  or  6,  meia  if  it  be  at  3  or  5, 
and  para  if  it  be  at  4.  The  relations  of  2  and  6  to  1  are  the 
same,  as  are  also  those  of  3  and  5  to  1. 


orthox^ 


meta 


.ortho 


x'^meto 


pan 


In  the  preceding  compounds  formed  by  X  and  Y,  these  po- 
sitions would  be  marked  as  follows : 


Ortho-derivatire. 


cH.<fj;j 


CH.<%) 


Meta-derivatiTe.  Fara-derivativ*. 

The  following  examples  will  further  explain  this  isomerin 
of  position,  of  which  we  must  study  numerous  cases. 


ORTHO-SERIES. 

X(i) 

c 

HcT  "CY(«) 
HC     CH 

c 

H 

Orthozylena. 


OrthocrMoI. 


MBTA-BIRIBS. 

•X(i) 

c 

HC      CH 

HC     CY(») 

C 
H 

^^<CH3(») 
Metaxjleua. 

Metacraiol. 


PARA-SBRUS. 

HC    ^CH 
HC     CH 

C 

Y(*) 
PanutjIoM. 


AROMATIC  COMPOUNDS. 


665 


^  ^  ^0H(») 

Orthodiphenol. 

(pyrocatochine.) 

^  ^  ^CO.OHC) 

Orthoxjbensoic  acid. 

(aallcylic.) 

Orthopbenjleoe 
diamine. 

^  "  ^CO.OH(«) 
Orthoamldobenzolc  acid. 

c,j„^co.on(i) 

Phthallc  acid. 


^^  <-0H(») 

MetadlphenoL 

(raeorcine.) 

^  **  <-CO.OH(») 
Metoxybenzoic  acid. 

ceH4^NH»(i) 
^  **  <NH»(») 
Metaphenylene 
diamiDe. 

^  "  "^CO.OHC*) 
MetamidobenEoic  acid. 

^  **  \C0.0H(8) 
Metaphthalic  acid. 


ParadlphenoL 
(hydroquinona.) 

^  ^  ^CO.OH(*) 
Parozybemoic  acid. 

^  ^  <-NH«(*) 

Paraphenylaoe 

diamine. 

^  ^  <^CO.OH(*) 
Faramidobeuzoic  add. 

ceH4^C0.0H(i) 
^  **  <-CO.OH(*) 
PaiBphtliaUo  add. 


These  indications  will  suffice  to  illustrate  the  class  of  isomer- 
ides  under  consideration.  With  the  tri -substituted  derivatives 
of  benzene,  theory  foresees  and  experiment  has  demonstrated 
the  existence  of  still  more  numerous  isomerides,  but  we  cannot 
dwell  on  them  here. 

Two  very  important  hydrocarbons  are  now  considered  as 
directly  related  to  benzene.  They  are  naphthalene,  C^^H",  and 
anthracene,  C^*H"^. 

Naphthalene  is  formed  by  the  union  of  two  benzene  nuclei, 
two  atoms  of  carbon  being  common  to  each  nucleus  (Erlen- 
meyer). 

Anthracene  results  from  the  union  of  two  benzene  nuclei  by 
the  intermediation  of  two  carbon  atoms,  which  are  themselves 
combined  together,  each  by  one  atomicity,  and  each  of  which 
is  combined  with  one  atom  of  hydrogen  (Graebe). 

These  ideas  are  indicated  in  the  following  graphic  formulae, 
which  express  the  reciprocal  relations  between  the  atoms  of 
carbon  and  hydrogen,  but  not  their  real  positions  in  space.  The 
latter  might  be  better  indicated  by  a  polyhedral  form. 


H 

HC     CH 
HC     £h 

H 


H      H 
C       C 

HC     C     CH 

Hi    fi    in 

H       H 


H 

H 

C      H 
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Benxene.  Naphthalene.  Anthracene. 

We  must  with  these  brief  indications  conclude  the  considera- 
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tioD  of  the  principle§  of  the  BroniBtio  theory,  vhich  incloda 
many  compounds.  Those  are  the  aromatic  compound»  in  ihr 
siricr  ien»e  of  tht  icord.  Bel'ore  undertaking  their  study,  we 
will  briefly  describe  oil  of  turpentine  and  some  of  the  bodies 

OIL  OF   TURPENTINE  AND  ITS  IS0MERIDE8. 

A  lai^e  number  of  hydrocorbona  are  known  having  the  cudi- 
position  C'°H".  Some  are  the  natural  products  which  consti- 
tute the  whole  or  part  of  the  numerous  euential  oi/t.  OtktTK 
are  the  proiJucIa  of  art 

Among  the  first  are  the  oils  of  turpentine,  lemon,  arange, 
bergaroot,  orange-flower,  juniper,  savin,  lavender,  cubobs,  co- 
paiba, clemi,  pepper,  cloves,  eic. 

These  oils  are  liquids  ^  some  of  them  are  mixed  with  orr- 
genizcd  solid  bodies  which  are  deposited  in  time,  and  whicb 
were  formerly  designated  ss  glearopteiiei. 

They  are  obtained  by  distilling  the  vegetable  products  whicli 
contain  them  with  water,  for,  although  the  boiling-points  of 
these  oils  are  between  150  and  200",  they  distil  readily  will 
aqueous  vapor,  snd  collect  in  the  form  of  a  layer  on  the  sat- 
face  of  the  condensed  water. 

The  more  ordinary  process  consists  in  passing  a  current  of 
steam  through  the  plants  or  aromatic  vegelables.  For  llu> 
purpose  they  are  placed  on  a  diaphragm,  M  (Fig.  120 j.  whick 
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penetrai«4  into  the  siill,     The  eteam  carries  with  it  the  easen 

titti   oil,  vrhicli  diffuses  in  it  by  rirtue  of 

the  high  tension  ol'thc  vapor  of  these  oiU  U 

I0O°.     Tho  mixed  vnpon  rise  into  the  head 

of  the  still  and  condense  in  the  condensing 

worm.      The    condensed   wnier,   generally 

clouded  hy  little  drops  of  the  easeDlial  oil, 

b  received    in  &  vessel   of  peculinr   form, 

which  is  called  a  Florenfinr  rccetver.     It  is 

shaped  like  an   ordinary  flask  (Fig.  130). 

having  at  its  bottom  n  tu))e  which  earvcs 

upwards,  in  the  form  of  a  eiwan'e  neck,  and 

ihe  upper  part  of  whieh  is  but  little  Wow 

the  ntimth  of  the  flask.    As  the  condensed  wiilcr  and  oil  collect 

in  tliia  ingenious  appuratua,  the  d!)  separates  ajid  flouts  on  t 

water;  as  the  distillation  continues,  the  liquid  rises  not  only  in 

the  flask,  but  in  the  lateral  tube,  until  the  wat«r,  which  is 

always  in  large  exeesa,  reaehes  the  level  of  the  curved  neck 

and  flows  ofl'  alone,  the  lighter  oil  occuniulating  in  the  flaak. 

Among  the  cagential  oils  whose  ctimpositiun  is  represented 
by  the  formula  C'H",  theiiKiat  important  is  oil  of  turpentine, 
which  is  obtained  by  distilling  tho  turpentine  of  commerce 
wat«r.     Turpentine  is  n  mixture  of  resin  and  essential  oil, 
flows  (Vom  incisions  cut  in  the  trunks  of  trees  of  the  gent 
■    /V»H*,  Al/in,  /Vr-t-'i,  Lurix- 

When  this  resinous  substance  ia  distilled  with  water,  the  oil 
passes  over  and  the  resin  remuns;  the  latter  is  called  co/n- 
pl"'"!/.  "r  roBin. 

Turpentiae. — Bordeaux  tarpcTitine,  which  comes  from 
Piniiit  miritima  (Pfiiiu  Piiwmter),  yields,  by  distillation  wit 
water,  an  easeatial  oil  which  hoils  at  156",  and  turns  the  pli 
of  polarisation  to  the  left.     Density  at  fl",  0.877. 

Atutraline,  or  English  oil  of  turpentine,  which  comes  from 
the  /'iiitix  S'MlralU.  \\si»  the  same  hoiling-pirint  us  the  prectd- 
iug,  but  tiirtLS  the  plane  of  polarisation  to  the  right.  Density 
at  ItJ^.  O.HIH  ( Berthelot).  American  oil  of  turpentine,  derived 
from  /*i/iiu  piiliutria,  is  also  dextrogyrate. 

Metarmriih',»a'  of  Oil  of  THrpetittne.—l.  When 
to  the  air,  oil  of  turpentine  gradually  absorbs  oxygen,  beeoi 
jelluw  and  partly  rusinificd.  Thi&  slow  oxidalioik  is  due  tu 
production  of  oaine,  with  which  the  oil  becomes  charged 
then  poaseasea  oxidiiing  properties  (page  Ol), 


rom^^^^^ 
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2.  If  Tnpor  of  oil  of  turpentine  be  passed  through  a  n«||i 
porcetaia  tube,  it  is  decomposed,  jieldiog  bcnzeae,  tda^ 
sjlene,  and  higher  hydrocarbons. 

3.  Conceolrated  nilric  acid  oxidizes  oil  of  turpeoline  with 
Bucb  enei^  that  the  miztnre  sometimes  lakes  fire.  When 
boiled  villi  dilute  nitric  acid,  it  forms  teraphthalic  *oid. 
CH'<pQ,i|'  one  of  the  isomerides  of  phthalic  acid  (Oulliol), 

4.  When  a  mixture  of  alcohol,  nitric  acid,  and  oil  of  turpen- 
tine is  tell  to  itself  for  some  time,  the  latter  substance  fixn  tiic 
elements  of  three  molecules  of  water  and  is  converted  into  i 
orjstalliied  solid  body,  C'»H'°0'  +  H'O.  called  terpin  kt/drati. 
If  this  hydrate  be  healed  to  100°,  it  loses  water  and  i«  con- 
certed iDio  a  crystalline  mass,  fusible  at  103°  :  this  b  ferpin. 

5.  When  oil  of  turpentine  b  mixed  with  ^  iis  weight  of 
Luneentratod  sulphuric  acid,  and  the  mixture  is  agitated,  tt  U 
L'unverled  into  an  isomeric  hydrocarbon,  ferflimr,  which  boila 
at  156",  and  a  polymeric  hydrocarbon.  t^H",  which  boils 
Iwtwcen  310  and  313"  (_H.  Deville).  By  reason  of  the  re- 
ducing action  whieh  the  oil  of  turpentine  exerlB  on  the  sol- 
phuric  acid,  and  which  produees  sulphurous  oxide  and  water, 
two  atoms  of  hydrofren  are  removed  from  the  molecule  {P'H", 
and,  independently  of  terebenc,  a  certain  qnantily  of  cymeiit, 
C'°H",  is  formed  (Rihnn). 

CH"  +  SO'H'  ^  cm"  +  80*  4-  2H'0 

This  conversion  of  oil  of  turpeniioe  into  cymene,  a.  reaction 

which  takes  place  readily,  shows  the  relation  between  the  two 

hydrocarbons,  and  that  turpeutioe  is  a  member  of  [he  aromilw 

6.  Turpentine  combines  with  bromine  at  — 20°,  forming  i 
dibromide  C'°il"Br'.  When  this  latter  is  heated  with  amiiDC, 
it  loses  2HBr  and  is  converted  into  cymene,  C'H"  (Oppeo- 
heim).  The  same  bromide  is  formed  by  the  action  of  bromine 
on  terptn  hydrate. 

7.  The  hjdraeids  combine  with  oil  of  turpentine.  Three  oon- 
pounds  of  turpentiue  and  hjdrochlnric  acid  are  known.  A  solid 
hydrochloride,  C'°U".HC!,  is  deposited  from  cooled  oil  of  t^l^ 
pentine  by  the  ac^on  of  gaseous  hydrochloric  acid,  and  is  calM 
aTtificial  camphor.  It  ia  levogyrat*,  or  dextrogymte,  accord- 
ingly as  it  has  been  prepared  from  turpentine  or  aiistrallM. 
The  crystals  are  deposited  from  a  very  ai-id,  colorluns  liquid,  con- 
taining a  liquid  cumbiuation  of  turpentine  and  hydrochloric  arid. 
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When  on  of  tarpeDtine  is  left  for  a  month  in  contact  with 
very  concentrated  hydrochloric  acid,  a  dihydrochloride  is 
formed,  ^•H".2HC1.  It  is  a  solid  body,  and  is  identical  or 
isomeric  with  the  artificial  camphor  of  oil  of  lemon,  obtained 
by  passing  hydrochloric  acid  gas  into  oil  of  lemon. 

8.  Antimony  trichloride  transforms  oil  of  turpentine  into  a 
solid  polymeride,  tetraturpentine. 

Terebene. — Terebene,  which  has  already  been  mentioned, 
boils  at  156^,  like  its  isomeride,  oil  of  turpentine,  from  which 
it  differs  by  being  optically  inactive ;  it  forms  no  crystalline 
hydrate  corresponding  to  terpin,  and  it  never  yields  a  dihy- 
drochloride. Like  turpentine,  it  forms  a  crystalline  monohy- 
drochloride  when  subjected  to  the  action  of  hydrochloric  acid 
gas  (Riban). 

Camphenet. — When  dextro-  or  levo-artificial  camphor  is 
heated  to  between  200  and  220"^  with  sodium  stearate,  HCl 
b  removed,  and  the  camphor  i8  tran.<formed  into  a  solid,  crys- 
tallizable  hydrocarbon,  fusible  at  14G°,  and  boiling  at  160®. 
It  is  camphene,  and  is  optically  active  in  the  same  direction  as 
the  hydrochloride,  from  which  it  is  derived. 

The  sodium  stearate  here  acts  as  a  feeble  alkali ;  when  it  is 
replaced  by  sodium  benzoate,  inactive  camphene  is  set  at  lib- 
erty. The  camphenes  yield  only  monohydrochlorides  by  the 
action  of  hydrochloric  acid  gas  (Berthelot). 

The  hydrochlorides  of  turpentine,  terebene,  and  camphene 
are  isomeric ;  the  first  is  almost  undecomposable  by  water  at 
100*^,  the  second  loses  all  of  it.s  hydnK-hloric  acid  by  the  action 
of  boiling  water,  and  it  is  the  same  with  the  third,  which,  how- 
ever, r^enerates  solid  camphene  (Riban). 

Isotnrpentiiie. — When  oil  of  turpentine  is  heated  to  300®, 
it  is  transformed  into  a  new  i«4>meride,  which  is  active  and 
levogyrate  :  it  is  isoturpentine.  and  l>oils  towards  176°.  Den- 
sity at  0®,  0.859.  At  the  .«ame  time  as  isoturpentine,  meta- 
turpentine  is  formed,  C*H".  lx>ilin<r  at  360°. 

Texpilene. — This  L*  another  Ls<jmeride  of  oil  of  turpentine. 
and  boils  at  the  same  temperature.  It  Ls  obtained  by  removing 
all  of  the  hydrochloric  acid  from  the  dihydrochloride,  C^H". 
2HC1,  by  the  action  of  either  s^xlium  (Berthelot;  or  aniline 
(Laath  and  Oppenheim;. 

It  is  characterized  by  the  fact  that  it  yields  a  dihydrochlo- 
ride with  great  ease  by  the  action  of  ga.seous  hydrochloric  acid, 
and  does  not  form  a  monohydrochloride. 
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(^trene,  O"!!". — Tliis  h^drocarboa  is  conUtne<]  in  oil  of 
lemon,  together  wiih  an  oiygeniied  body.  It  is  a  coloile« 
liquid,  huving  an  agreeable  odor.  It  boils  at  173-174°.  Dai- 
sity  at  15°,  0,85. 

Citrene  unites  readily  with  hydrochloric  acid,  producing  a 
crystalline  dikydrochloride  of  eitrettf,  C"'H'*.2HC1.  fnaible  ar 
14°, 


ORDINAEY   CAMPHOR,   OR    LAUREL   CAMPHOR. 


Camphor  exiatB  in  nil  of  the  orpins  of  IJie  Laurut  eamvhara. 
a  tree  of  China,  Japan,  and  the  islands  of  the  Buy  of  Sand;. 
When  the  wood  is  chipped  and  distilled  with  water,  the  cam- 
phiir  volatilises  and  condenses  in  rice-straw,  with  which  the 
heads  of  the  stills  in  which  the  operation  is  conduct^^  are  filled. 
The  product  thus  obtained  in  the  form  of  small  crystals  is  re- 
fined by  sublimation  in  glass  vessels  heated  on  a  sand-bath. 

A  camphor  identical  with  laurel  camphor  is  deposited  (rom 
the  oil  of  Matricaria  pariheniiim  when  the  latt«r-is  cooled. 
It  is  matricaria  camphor. 

Camphor  forma  a  semi-lranapaient,  crystalline  mass.  It* 
odor  b  strong  and  aromatic;  its  taste,  bitter  and  burning.  Il 
melte  at  175°,  and  boils  and  distils  without  all«ralioD  at  204°. 
Its  deuMly  at  11°  is  1.0.  At  ordinary  temperatures,  the  ten- 
sion of  its  vapor  is  so  great  that  it  sublitues  spontaneonelji  in 
the  vessels  in  which  it  b  kept. 

Camphor  is  almost  ioHoluble  in  water ;  when  thrown  In 
small  fragments  on  the  surface  of  that  liquid,  it  execsutea  gyra- 
tory movements.  It  dissolves  in  alcohol  and  ether,  and  the  al- 
coholic BolutioD  rotates  the  plane  of  polarixation  to  the  right 

Camphor  is  inflammable,  uud  bums  with  u  smoky  flame. 
The  following  arc  its  principal  reactions : 

1.  When  heated  with  phosphoric  anhydride,  or  with  chloride 
of  sine,  it  loses  the  elements  of  water  and  is  converted  into  * 
hydrocarbon  called  cymene  or  cyraol. 

C»H»o    =     H'O     +     CH" 

At  the  same  time,  other  nrouiatic  hydrocarbons,  among  whiiili 
are  toluene,  xylene,  and  mesltylene,  are  formed. 

2.  Camphor  appears  to  be  an  aldehyde.     Although  it  dM 
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not  fix  hydrogen  directly,  it  can  neyerthcleas  be  converted  into 
a  compound,  C*H**0,  which  is  bomeol,  or  Borneo  camphor. 
This  is  accomplished  by  the  action  of  sodium,  which  replaces 
the  hydrogen  of  a  portion  of  the  camplior,  forming  a  sodium- 
camphor,  while  the  displaced  hydrogen  is  fixed  upon  another 
portion  of  camphor  (Baubigny). 

According  to  this  reaction,  corroborated  by  the  inverse  re- 
action, which  will  be  indicated  farther  on,  the  same  relations 
seem  to  exist  between  bomeol  and  camphor  as  between  alco- 
hol and  aldehyde. 

Qmiphor.  Boraeol. 

3.  When  camphor  is  heated  for  a  long  time  with  an  alcoholic 
solution  of  potassium  hydrate,  it  is  decomposed  into  an  acid 
and  an  alcohol,  which  is  borneol  (Berthelot). 

2cwH>«0     +    KOH    =    C^«H'^KO*     +     C"»H"0 

Camphor.  Potauiuni  camphate.  Borneol. 

4.  When  vapor  of  camphor  is  passed  over  soda-lime,  heated 
to  about  300°,  the  sodium  salt  of  campholic  acid  is  obtained 
(Delalande). 

CioH^O     +     NaOH     =     C^^'H^NaO' 

Camphor.  Sodium  ctimphoUtte. 

5.  When  camphor  is  subjected  to  the  action  of  aqueous 
hypochlorous  acid,  it  is  converted  into  monochloro-camphor^ 
C^°H**C10,  which  constitutes  a  colorless,  crystalline  mass, 
slightly  soluble  in  water,  freely  soluble  in  alcohol  and  ether, 
and  fiisible  at  95°. 

6.  By  the  action  of  bromine  on  camphor  at  100  or  120°, 
monobromo  -  camphor,  C*°H"BrO,  and  dihromo  -  camphor^ 
C"H**Br^O,  are  formed.  These  bodies  crystallize  in  colorless 
prisms.     The  first  fuses  at  76°,  the  second,  at  114°. 

A  bromide  of  camphor,  C^^H^OBr^,  is  also  known;  it  is 
formed  by  the  action  of  bromine  on  a  solution  of  camphor  in 
chloroform.  It  is  a  crystalline  body  which  decomposes  spon- 
taneously, especially  by  the  action  of  light,  losing  hydrobromic 
acid  and  being  converted  into  monobromo-camphor. 

7.  Camphor  absorbs  hydrochloric  acid  gas,  forming  an  oil 
which  is  instantly  decomposed  by  water,  regenerating  camphor. 
Cold  nitric  acid  dissolves  it,  forming  an  oily  liquid  which  is  de- 
composed by  water,  camphor  being  precipitated. 
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8.  When  camphor  is  boiled  with  nitric  acid,  it  is 
and  converted  into  camphoric  add. 

C^H*H)    +    0»    =    C?*BPH>* 

Cunplior.  Ouaphorio  Add. 

BORNEOL,  OR  BORNEO  CAMPHOR 

This  camphor  is  extracted  from  the  Dryobaianom  arom€Uicay 
a  tree  which  grows  in  the  Sunda  Islands.  Berthelot  has  ob- 
tained it  by  the  action  of  an  alcoholic  solution  of  potassa  on 
ordinary  camphor.  It  occurs  in  small,  colorless,  transparent, 
and  friable  crystals.  Its  odor  recalls  at  the  same  time  that  of 
camphor  and  that  of  pepper.  Its  taste  is  burning.  It  melts 
at  198°,  and  boils  at  212°.  It  turns  the  plane  of  polariiation 
to  the  right.  It  is  insoluble  in  water,  but  dissolves  readily  in 
alcohol  and  in  ether.  When  treated  with  cold,  fuming  nitric  acid, 
it  loses  H',  and  is  converted  into  ordinary  camphor,  (?*H"0. 

MENTHOL,  OR  MINT  CAMPHOR. 

C>»H»0 

Menthol  is  the  solid  part  of  the  essential  oil  of  mint  (^Mentha 
piperita),  in  which  it  exists  mixed  with  a  turpentine  hydro- 
carbon, C^'^H**.  It  is  deposited  in  crystals  when  oil  of  mint  \b 
cooled. 

It  forms  colorless  crystals,  fusible  at  36° ;  it  boils  at  213°. 
It  rotates  the  plane  of  polarized  light  to  the  lefl.  Dehydrating 
agents,  such  as  phosphoric  anhydride  and  zinc  chloride,  convert 
it  into  menthene,  C"»H",  boiling  at  165°. 

The  camphors  which  we  have  just  studied  are  related  to 
cymene  and  the  oxyeymenes,  thymol  and  carvacrol,  which  will 
be  described  farther  on.  Thymol,  which  is  a  true  phenol,  has 
been  called  thyme  camphor^  by  reason  of  its  analogy  with  the 
true  camphors.  It  differs  from  camphol,  or  camphor,  only  by 
containing  two  atoms  less  of  hydrogen,  and  forms  the  first 
member  of  the  following  series : 

C»0H"O,  thymol. 
C"Hi«0,  camphol. 
C»OH>80,  borneol. 
CioH«0,  menthol. 

Kekul^  considers  camphol  and  borneol  as  derivatives  of  cy- 
mene, an  aromatic  hydrocarbon  which  is  methyUpropyl-bensene, 
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not 

C*H^<  ps  u  T*  The  foUowiDg  fonnula  will  explain  this  derivation : 
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CAMPHORIC  ACID. 

This  acid,  which  has  long  heen  known,  is  obtained  by  the 
prolonged  boiling  of  camphor  with  dilute  nitric  acid.  The 
camphor,  which  at  first  floats  as  an  oily  liquid,  at  last  disappears, 
and  camphoric  acid  deposits  as  the  solution  cools.  It  is  puri- 
fied by  dissolving  it  in  a  solution  of  an  alkaline  hydrate  and 
precipitating  with  hydrochloric  acid. 

Camphoric  acid  crystallizes  by  the  cooliug  of  its  hot  aqueous 
solution  in  colorless  plates.  It  is  only  slightly  soluble  in  cold 
water,  but  quite  soluble  in  alcohol.  It  melts  at  187°,  and  if 
heated  above  its  fusing-point  loses  a  molecule  of  water,  and 

CO 

becomes  converted  into  camphoric  anhydride,  C®H"<;ppw>0, 

which  sublimes  in  brilliant  needles,  fusible  at  217°. 

Camphoric  acid  is  dibasic ;  its  calcium  salt  yields  by  dry  distilla- 
tion the  compound  camphorone,  C*H^'0,  a  liquid  boiling  at  208°. 

CaP»H"0*  =  CaCC  +  C»H"0 

GUcinm  camphorate.  Campliorone. 


BENZENE  AND   ITS  DERIVATIVES. 

BENZENE. 

C«H« 

This  important  body  was  discovered  in  1825  by  Faraday. 
Mitscherlich  obtained  it  by  heatinii:  benzoic  acid  with  an  excess 
of  lime. 

C^HW    =     CO^     +     C«H« 

Beosoic  add.  Bensane. 
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It  is  now  obtained  in  large  qoantitMS  from  eoal4u  hf  fit- 
tilling  the  latter  body.  The  more  volatile  prodncla  contain  Um 
benzene,  which  is  purified  by  fractional  distillation.  That  which 
passes  below  85^  is  principally  beniene,  and  the  latter  crysttl- 
lises  out  when  the  liquid  which  passes  between  80  and  85®  ii 
cooled  to  — 5°.  The  crystals  are  ooUeoted  and  separated  by 
expression  from  the  product  remaining  liquid.  They  constitiite 
pure  benzene.*  Berthelot  has  recently  made  the  direct  syntbesit 
of  benzene  by  exposing  acetylene  to  a  temperature  near  redness. 

3C*B»      =      OH* 

Benzene  is  a  colorless,  strongly  refracting  liquid.  At  0®  it 
solidifies  to  crystals  which  mdt  at  6^^.  It  boib  at  80.5®. 
It  is  insoluble  in  water,  but  dissolves  in  alcohol  and  ether.  It 
is  inflammable,  and  bums  with  a  bright,  smoky  flame. 

When  benzene  vapor  is  passed  through  a  red-hot  tube,  di- 
phenyl,  C"H>«,  is  formed. 

2(?H*  =  (?HM?H»  +  H« 

When  long  agitated  with  fuming,  or  even  ordinary  sulphuric 
acid,  it  dissolves,  forming  phenylsulphurous  acid. 

C«H«    +     H'SO*    =    HH)     +     C«H».SO»H 

Pheujltolpharooa  add. 

When  heated  to  275  or  280°  for  twenty-four  hours  with  80 
to  100  parts  of  concentrated  hydriodic  acid,  benzene  is  con- 
verted into  hexane,  C*H**,  iodine  being  set  free. 

CHLORINE  AND  BROMINE  DERIVATIVES  OF 

BENZENE. 

By  the  action  of  chlorine  or  bromine  on  benzene,  two  sorts 
of  derivatives  are  obt^iined, — addition  compounds  and  substi- 
tution compounds. 

Addition  Compounds. — Two,  four,  or  six  atoms  of  chlorine 
may  combine  directly  with  benzene,  forming  the  compounds 

Benzene  dichloride,       (?H«CP; 

Benzene  tetrachloride,  WH*C1*; 

Benzene  hexachloride,  C*H*C1*. 
The  last  is  easily  formed  by  the  action  of  an  excess  of  chlo- 
rine on  benzene  exposed  to  direct  sunlight     It  crystallises  io 
brilliant  plates.    There  is  a  corresponding  hexabromide,  formed 

*  Benzene  muRt  not  be  confounded  with  the  beniine  derived  from  petro- 
kam,  which  is  a  satarated  hjdrooarbon. 
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in  the  samo  manner.  Boiling  potassium  hydrate  removes  the 
elements  of  three  molecules  of  njdrochloric  acid  from  benzene 
hezachloride,  converting  it  into  trichlorobenzene. 

C*H«C1«  =  3HC1  +  C«H»C1» 

Substitution  Compounds. — These  compounds  are  numer- 
ous, and  present  interesting  examples  of  isomerism.  Only  the 
monochloro-,  pentaohloro-,  and  hezachloro- derivatives  have  no 
isomerides. 

M(/nochlorobenzene  or  phenyl  chloride^  C*H*C1,  is  prepared 
by  passing  chlorine  through  benzene  in  the  presence  of  a  small 
quantity  of  iodine.  It  is  also  formed  by  the  action  of  phos- 
phorus pentachloride  on  phenol :  hence  the  name  phenyl  chlo- 
ride. 

(?H».OH  +  PC1»  =  HCl  +  POCl'  +  (?H»C1 

It  is  a  colorless,  strongly  refracting  liquid,  having  a  pleasant 
odor,  and  boiling  at  132^. 

DiMorohenzeney  C*H*C1'. — ^There  are  three  isomerides : — 

Ortho-dichlorobenzene,  (?H*<p.U,  liquid,  boiling  at  179®. 
Meta-dichlorobenzene,  C«H*<^{D,  liquid^  boiling  at  172°. 

Para-dichlorobenzene,  C*H*<Qjy,  fusible  at  66®,  and  boil- 
ing at  173®. 

Among  the  other  chloro-derivatives  we  will  mention  only 
hezachlorobenzene,  C*C1*,  which  is  formed  when  vapor  of  chlo- 
roform or  of  carbon  tetrachloride,  CCl^,  is  passed  through  a  red- 
hot  tube. 

It  is  a  crystallizable  solid,  fusible  at  222®,  and  boiling  at  332®. 

Monobromobenzene,  C*H*Br,  may  be  made  by  mixing  benzene 
and  bromine  in  the  proportion  of  one  molecule  of  the  first  to 
two  atoms  of  the  second,  and  leaving  the  mixture  to  itself  for 
a  week  at  the  ordinary  temperature.  It  is  then  washed,  first 
with  water  then  with  potassa,  and  distilled.  Monobromobenzene 
boils  at  152-154®.     When  heated  with  sodium,  it  yields  to  the 

latter  its  bromine,  and  a  hydrocarbon  C^^H*°  =  l       ,  called 

diphenyl,  is  obtained. 

DiimnruhbenzeneSj  (?H*Br'. — There  are   three    isomerides. 

The  para-derivative  C*H*<bJ[4v   ^  readily  formed   by  the 
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ftodon  of  aD  exoesB  of  bromine  on  beniene.     It  eryatallim  is 
beautiful  prisms,  furible  at  89®.    It  boib  at  218<'. 

NITRaDEMVATIVBS  OF  BENZBNB. 

ntrobenMne,  G'H*(NO'). — If  benaene  be  poured  in  small 
portions  into  monohydrated  nitrio  aoid,  and  water  be  added  to 
the  mixture,  an  oily,  yellow  liquid  separates,  constituting  nitro- 
bensene. 

C*H*  +  HNO*  ==  HK)  +  C«H»(NO») 

It  is  benzene  in  which  one  hydrogen  atom  is  replaced  by  the 
group  (NO*)'. 

Nitrobenzene  is  a  yellowish  liquid,  having  a  strong  odor  of 
bitter  almonds.  It  boils  at  205^,  and  solidifies  at  3^.  It  is 
employed  in  perfumery  under  the  name  esitenee  of  Mirbane. 

By  the  action  of  reducing  agents,  such  as  hydrogen  sulphide, 
ammonium  sulphide,  tin  and  hydrochloric  acid,  or  iroo-filingv 
and  acetic  acid,  nitrobenzene  is  converted  into  aniline  or  phe- 
nylamine. 

C«H»(NO»)    +     3H«    =    2H»0     +     (?H»(NHO 

NitrulKtnzene.       ,  Aniliott. 

Dinotrohenzenes,  (?H*(NO')'. — ^The  three  isomerides  are 
formed  when  benzene  is  treated  with  a  large  excess  of  a  mixture 
of  nitric  and  sulphuric  acids.  The  nitro-compounds  separate 
on  the  addition  of  water,  and  are  purified  by  crystallization  in 
alcohol.  Metadinitrobcnzene  separates  first,  crystallizing  in  long 
colorless  needles,  fusible  at  89.9**.  Reducing  agents  convert  it 
successively  into  nitrophenylamine  and  phenylene-diamine. 

Metadinitrobenzone.  Metanttrophenylamine.  Piphrnjinnii  dliminr 

AZO-DERIVATIVES  OF  BENZENE. 

Besides  aniline,  there  are  other  products  of  the  reduction  of 
nitrobenzene,  and  they  arc  of  great  importance,  for  they  have 
become  types  of  numerous  analogous  compounds.  The  first 
was  described  in  1834,  by  Mitscherlich,  under  the  name  of 
azobenzide  or  azobenzene. 

Azobenzene,  CH*<^N',  is  obtained  by  the  action  of  sodium 
amalgam  on  an  alcoholic  solution  of  nitrobenzene. 

0*H»N 

2(?H».N0*  +  4H«  =  4HK)  +  '\ 

^  ^  C3*H».N 
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Azobenzene  forms  large  red  crystals,  fusible  at  66.5^.  It 
boils  at  293^.  It  is  only  slightly  soluble  in  water,  but  dis- 
solves readily  in  alcohol  and  ether. 

Azoxybenzene,  C"H*°NO. — This  compound,  which  is  a 
product  of  the  incomplete  reduction  of  nitrobenzene,  was  dis- 
covered by  Zinin.  It  is  formed  by  boiling  an  alcoholic  solution 
of  potassium  hydrate  with  nitrobenzene.  Under  these  conditions 
the  alcohol  is  oxidized  by  the  oxygen  of  the  group  NO*. 

C*H*  N 
2CH«.N0'  +  3H'  =  3H'0  +         '  i  >0 
^  ^  C»H»N 

Asoxjrbeuseoe. 

Azoxybenzene  crystallizes  in  long  needles,  soluble  in  alcohol 
and  ether,  insoluble  in  water.  It  melts  at  36^,  and  is  decom- 
posed when  distilled.  If  heated  with  iron  filings,  it  becomes 
converted  into  azobenzene. 

Hydrazobenzene,  C"H'*N'. — Alcoholic  solutions  of  reducing 
agents,  such  as  hydrogen  sulphide,  stannous  chloride  (tin  and 
hydrochloric  acid),  convert  azobenzene  into  hydrazobenzene. 

C«H5-N  C«II5-NH 

II  +     H»    =  I 

C«H6-N  C«H6-NH 

AzobeDzone.  Hydrazobenzene. 

The  latter  body  crystallizes  in  tables,  fusible  at  131°,  almost 
insoluble  in  water  but  soluble  in  alcohol  and  ether.  When 
submitted  to  dry  distillation,  it  breaks  up  into  azobenzene  and 
aniline. 

2^  I  =  II      +     2C«H».NH« 

Hydrazobenzene.  Azobenzene.  Aniline. 

Acids  convert  hydrazobenzene  into  a  basic  isomeride,  benzidine. 
C*H»N.H  C«H*.NH* 

C«H»N.H  6«H*.NH« 

HydrBzobenzene.  Benzidine. 

Hydrazobenzene  may  be  considered  as  derived  from  the  group 

NH« 

I      ,  which  is  called  hydrazine,  and  which  would  be  the  radi- 

cal  amidogen,  NH*,  united  with  another  like  group.     Hjd: 

NH(C«H«) 
zobenzene  is  a  diphenyUhydrazine :   i 

^      ^    ^  NH(C*H»). 
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PHENYLSULPHUROUS   ACID. 

C'H'-SO'.OH 

Aoida  formed  by  the  subsiitulion  of  ooe  or  more  ^rmf* 

(SO*.OH)'  for  ODe  or  more  atoms  of  hydrogeo  io  the  aromsitc 

nuclei   are  called  tu/phones  or   tuIpJutiiie   aciiit.     lodecd,  the 

hjdro<;eQ  ol'  these  nuclei  exerts  a  reduciug  action  oD  aulphui 

the  hydrogeo  atom:  thus,  pheuyUuIphurous  orbeDioUulphotiic 
acid  is  formed  b;  the  following  reaclioD : 

CH'  +  S0'<2^  =  H'O  +  CH'.SO'.OH 

It  is  prepared  by  heating  for  a  long  lime  a  mixture  of  cqaal 
parts  of  benzol  and  concentrated  sulphuric  acid.  The  liquid  ia 
then  diluted  with  a  large  quantity  of  water,  and  neutralised 
with  barium  carbonate.  The  concentrated  solution  then  yields 
a  barium  salt,  Bu(C*H\SO')*  +  H'O,  which  cryslJtiies  in 
pearly  plates.  From  thia  ealc  pheDylsiilphuroiis  acid  can  be 
separated  by  the  addition  of  crystal  I  liable  sttlpburic  acid  (oon- 
taining  one  molecule  of  wa(«r),  in  small  plates  soluble  in  witer 
and  alcohol.  When  fused  with  an  excess  of  potassium  hydrate, 
it  yields  phenol. 

Benzene,  Snlphone,  or  Snlphobenzide,  (CH')',SO'.— The 
hydroxyl  group  in  [ihenylsiilphurous  acid  may  be  replaced  by 
a  phenyl  group,  and  the  compound  so  formed  is  called  sulpbo- 
beoiide.  It  may  be  obtained  by  heuting  phenylsulphnric  acid 
with  phosphoric  anhydride  to  150'  in  sealed  tuhea,  treating  the 
product  of  the  reaction  with  a  dilute  alkaline  hydrate,  and  cryt- 
lallizing  the  residue  in  alcohol.  It  crystallixea  from  water  ja 
silky  needles,  and  from  beoEene  in  large  rhombic  prisms.  It 
melts  at  128°. 

CYANOBENZENE. 

(phenyl  cya.vide,  benzonitrilk.) 

C'U'.CN 

TIlis  body  is  formed  in  various  reactions,  particularly  in  the 

destruutive  distillation  of  hippuric  acid,  and  by  the  dehydration 

of  benzamide  by  phosphorii:  anhydride. 

CH'-CO.NH'    —     H'O    ^     CH'-CN 
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It  is  a  colorless  oil,  which  boils  at  191''.    When  heated  with 
the  alkalies,  it  yields  benzoic  acid  and  ammonia. 

(?H»-CN    +     2H«0    =    C«H»-CO'H    +     NH» 

Benxonitrile.  Benzoic  acid. 

PHENOL,  OR  PHENYL  HYDRATE. 

C«H».OH 

This  body  bears  the  same  relation  to  benzene  that  wood-spirit 
does  to  marsh  gas. 

CH*  CH'.OH 

MeOuuie.  Methjl  hjdrata. 

C«H«  C«n*.OH 

Benseot.  Phenol. 

It  was  discovered  in  coal-tar  by  Runge,  who  named  it  car- 
bolic acid,  Laurent  demonstrated  that  it  plays  the  part  of  an 
alcohol.  Indeed,  it  presents  points  of  resemblance  with  the 
monatomic  alcohols,  but  it  differs  from  them  by  its  acid  char- 
acter, on  account  of  which  it  is  sometimes  called  phonic  acid. 
PreparatioiL — Large  quantities  of  phenol  are  obtained  from 
ooal-tar,  from  which  it  is  separated  by  distillation.  That  part 
which  passes  between  150  and  200^  is  collected  apart  and 
mixed  with  a  saturated  solution  of  potassium  or  sodium  hy- 
drate to  which  solid  potassa  or  soda  is  added.  A  crystalhne 
phenate  of  potassium  or  sodium  is  formed ;  it  is  dissolved  in 
boiling  water,  the  insoluble  oil  which  floats  is  separated,  and 
the  alkaline  solution  is  neutralized  with  hydrochloric  acid. 
The  phenol  separates ;  it  is  washed  with  a  small  quantity  of 
water,  dehydrated  with  calcium  chloride,  and  rectified.  The 
distilled  product  is  cooled  to — 10°,  and  the  crystals  which  are 
deposited  are  allowed  to  drain  out  of  contact  with  the  air. 

Phenol  may  be  made  artificially  from  benzene  by  a  process 
which  is  applicable  to  the  preparation  of  all  the  phcDols.  It 
consists  in  treating  benzene  with  fuming  or  even  ordinary 
sulphuric  acid.  Phenylsulphurous  acid  is  formed ;  this  is 
dilated  with  water  to  separate  the  excess  of  hydrocarbon,  and 
the  solution  is  neutralized  with  chalk ;  calcium  phenylsulphite, 
which  is  soluble,  and  sulphate,  which  is  insoluble,  are  formed. 
The  calcium  phenylsulphite  is  converted  into  sodium  phenyl- 
sulphite by  double  decomposition  with  sodium  carbonate,  and 
after  evaporation  and  desiccation,  the  sodium  phenylsulphite  is 
fused  in  a  silver  crucible  with  an  excess  of  potassium  hydrate. 
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The  mass  is  exhausted  with  water,  and  the  aUc&Iine  solutioo  ii 

decoDiposod  by  hydnichlurii:  a^^iU.     The  phenol  separates  lod 
is  dried  uml  purifiud  by  Uislillation  (_I>UBarl,  Wurti,  Kekul^i- 
The  deeompoBilioii  of  widinm  or  potassium  phenylaulphite 
is  expressed  in  the  fulliming  u<iuatiun : 

CH^SO°K     -I-     KOH     =    CH'.OH     -)-     K'SO* 

ri>1imliiin  pbenjrlFiulphliA.  rbf  nul-  ruloniuin  «j|j4)»[> 

There  is  UDuther  very  simple  synthesis  of  phenol.  In  pres- 
ence of  aluminium  ehloride.  bensene  absorbs  oxygen  dircetlj 
and  phenol  is  formed. 

c"H*  +  o  ^  ca*o 

This  reaction  is  one  of  the  moat  uuespei-ted  and  mewl  in- 
teresting appliealions  of  a  geoentl  method  of  iiynthfwis  diwuT- 
ered  by  Friedcl  and  Crafla  (see  page  688). 

Phenol  is  also  funned  by  the  dry  distillation  of  either  of  the 

oxybenzoic  acids  (pnge  6i)S). 

^"'"-COOH    ^    CO"    +    cn\oH 

OiybgDiuti:  urid.  Pbuiot. 

Propertiei  of  Phenol. — Phenol  is  a  solid,  eryHtallinog  in 
long,  colorieaa  needles,  having  at  0"  a  density  of  1.084.  It 
fiises  at  42°,  and  boils  at  183°.  Iib  odor  is  peculiar  and 
cliaracterisiie,  its  taste  acrid  and  huroinL;.  It  is  poisonous  and 
antiseptic.  It  is  very  soluble  in  alcohol,  ether,  and  acetic  acid, 
and  dissolves  in  15  parts  of  water  at  20°.  Its  sotuttoD  if 
colored  dark  violet  by  ferrio  salts,  and  bromine  water  fortna,  era) 
in  very  dilute  solutioiis,  a  yellow  precipitate  of  tribromophenol 
A  pine  shaving  moistened  with  hydrochlonc  acid  assumea  ■ 
blue  color  when  dipped  in  phenol  and  exposed  to  the  air. 

Although  phenol  is  neutral  to  litmus-paper,  it  forma  definite 
combinations  with  the  allcalies.  When  it  is  mixed  with  a  Teiy 
Boncentraled  solution  of  potassium  hydrate,  a  crystalline  ata 
is  obtained  which  constitutes  potassium  phenate,  CH'.OIL 

The  saraa  compound  is  formed,  with  disengagement  of 
hydrogen,  by  the  action  of  polassium  on  phenol. 

The  solubility  of  phenol  in  (he  alkaline  hydrates  is  applied  in 
the  separation  of  this  Iwdj  from  the  neutral  oils  which  accon- 
pany  it.  The  property  is  common  to  the  phenols,  and  indicates 
the  sli^ihtly  acid  ebnracter  of  the  class. 

Phosphorus  peruhloride  converts  phenol  into  phenyl  cblorida, 
identical  with  uonochlorobenEeoe. 
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(?H*.OH    +    PCI*     =     (?H»C1    +     POCl'    +     HCl 

Phenol.  Phenyl  chloride. 

The  hydrogen  of  the  radical  CH*  in  phenol  can  he  readily 
replaced  by  chlorine,  bromine,  or  groups  such  as  NO',  NO,  NH', 
etc.  The  compounds  so  formed  may  sometimes  be  obtained 
directly,  as  the  nitro-phenols, — sometimes  by  indirect  processes. 

In  the  presence  of  sodium,  phenol  directly  combines  with 
carbon  dioxide,  forming  salicylic  acid  (page  698). 

(?H».OH  +  CO*  +  Na»  =  C*H*<JJ^^*  +  H»0 

Sodium-ealicylmte  of  eodlom. 

The  following  remarkable  reaction  of  phenol  was  first  noticed 
by  Reimer  and  Tiemann.  When  it  is  heated  with  chloroform 
and  an  excess  of  sodium  hydrate,  in  the  proportion  of  one 
molecule  each  of  phenol  and  chloroform  and  four  molecules  of 
alkali,  it  is  converted  into  salicylic  aldehyde  (salicyl  hydride). 

C•H^ONa  +  3NaOH  +  CHCP= C^H^O^Na  +  3NaCl  +  2H«0 

Sfxliuni  Sodium  aalicjlite. 

phonate. 

The  compound  CHWNa  is  the  sodium  compound  of  sali- 
cylic aldehyde,  into  which  it  is  converted  by  hydrochloric  acid. 

ETHERS  OF  PHENOL. 

Phenyl  Oxide,  ((?H*)''0. — This  body  is  formed,  together 
with  other  products,  by  the  dry  distillation  of  copper  benzoate. 
It  crystallizes  in  long  needles,  fusible  at  2S^.  It  boils  at  246^. 
It  is  very  soluble  in  alcohol  and  in  water.  It  cannot  be 
reduced  by  either  zinc  or  hydriodic  acid. 

Hethylphenyl  Oxide,  or  Anisol,  q^^  >0.  —  Anisol  was 

first  obtained  by  distilling  anisic  acid  (page  698)  with  barium 
oxide  or  lime. 

CH'<S  OH  =  CH' >0  +  CO* 

Anisic  acid.  Anisol. 

It  may  be  prepared  more  readily  by  synthesis  in  the  reaction 
of  methyl  iodide  on  potassium  phenate. 

(?H».OK  +  CH^I  =  KI  +  C«H*.OCH» 

It  is  a  colorless  liquid,  having  an  ethereal  odor.  Its  density 
at  15°  is  0.991 ;  it  is  insoluble  in  water,  and  boils  at  152°. 

Eihylplieiiyl  Oxide,  or  Phenetol,  q8^5>0,  may  be  ob- 
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tiiDed  by  a  prooeflB  analogoiu  to  tiM  last  method  indicated  for 
preparing  anisol.     It  is  an  aromatic  liquid,  boiling  at  172®. 
Fhenyknlphnric  Add  is  analogooa  to  ethjlsalphario  acid. 

EtbyUulpliuric  Add.  IlMQylnlphario  aeld. 

The  acid  is  not  known  in  the  free  atate.  its  potaadam  aiJt 
is  formed  when  potassium  phenate  is  heated  with  an  aqueoos 
solution  of  potassium  pjroeulphate,  K'SH)^  It  exists  in  the 
urine  of  herbivorous  animals.  If  phenol  be  ingested,  it  appears 
in  the  urine  as  potassium  phenjlsulphate  (Baumann). 

SUBSTITUTED  DERIVATIVES  OP  PHENOL. 

Amonji^  the  numerous  compounds  derived  from  phenol  bj 
the  substitution  of  various  elements  or  groups  for  the  hydrogen 
of  the  group  C*U*,  we  can  only  describe  a  few  of  the  nitio> 
and  sulphuric-compounds. 

NO* 

Mononitrophenols,  ^^*<0H' — There  are  three  iso- 
meric mononitropheDoIs.  Two  of  them,  the  ortho-  and  the 
para-,  arc  formed  by  the  action  of  dilute  nitric  acid  on  phenol. 
The  meta  derivative  is  obtained  by  indirect  processes. 

(?H*.OH  +  NO'.OH  =  C«H*<2g'  +  H»0 

Orthonitrophenol  crystallizes  in  large  yellow  prisms,  slightly 
soluble  io  water,  fusible  at  45^,  and  boiling  at  214^.  It  is 
readily  carried  over  with  vapor  of  water,  and  may  so  be  sepa- 
rated from  the  para-isomeride. 

Mttanitrophenol  is  in  yellow  crystals,  fusible  at  96^,  and 
quite  soluble  in  water.     It  does  not  distil  with  vapor  of  water. 

Paranitrophenol  deposits  from  its  boiling  aqueous  solutioo 
in  long  colorless  needles,  fusible  at  114°.  They  redden  on 
exposure  to  the  air. 

Nascent  hydrogen  (tin  and  hydrochloric  acid)  converts  the 
mononitrophenols  into  amido-phenols. 

Vitrosophenol,   ^•H*<^q  p.— By  the  action  of  potassinm 

nitrite  and  acetic  acid,  phenol  is  converted  into  nitrosophenol 
The  reaction  is  analogous  to  that  which  yields  nitrophenol,  the 
*nrap  NO  taking  the  place  of  an  atom  of  hydrogen. 
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(?H».OH  +  NO.OH  =  C?H*<5^  +  H«0 

NitrosopheDol  crystallizes  from  hot  aqueous  solutions  in  fine, 
oolorless  needles.  It  dissolves  in  water,  alcohol,  and  ether, 
forming  pale-green  solutions.  It  becomes  brown  on  exposure 
to  the  air,  and  explodes  when  heated  to  110-120^. 

Trinitrophenol,  or  Picric  Acid,  C*H«(NO»/.OH.— When 
phenol  is  boiled  with  concentrated  nitric  acid,  it  is  converted 
into  trinitrophenol. 

(?H».OH  +  3HN0»  =  BH'O  +  C*H«(NO«)'.OH 

This  body  has  long  been  known,  and  is  generally  called 
piertc  (zcid.  It  deposit8  from  boiling  water  in  lemon-yellow, 
crystalline  plates,  only  slightly  soluble  in  cold  water.  Its  taste 
is  very  bitter.  It  has  acid  properties,  the  three  groups  NO* 
seeming  to  increase  the  basic  nature  of  the  hydrogen  atom  of 
the  group  OH.  With  bases  it  forms  crystallizable  salts  which 
detonate  with  violence  when  heated. 

Potassium picrate,  C*HXNO*)'.OK,  crystallizes  in  long,  yel- 
low needles,  soluble  in  14  part«  of  boiling  water  and  in  250 
parts  at  15°.     It  explodes  violently  when  heated. 

Picramic  Acid. — When  a  current  of  hydrogen  sulphide  is 
passed  through  an  alcoholic  solution  of  picric  acid  saturated 
with  ammonia,  sulphur  separates  and  the  picric  acid  is  con- 
verted into  picramic  a^id  (A.  Girard). 

C«H>(NO»)».OH  -f  3H»S  =  2H«0  +  S»  -f-  C«H2(N0«)«(NH*)0H 

Picric  acid.  Picramic  acid. 

The  hydrogen  sulphide  partially  reduces  the  picric  acid,  and 
one  of  the  three  groups  (NO'')  is  thus  converted  into  a  group 
(NH*).  Picramic  acid  is  dinitro-amido-phenol,  that  is,  phenol 
in  which  two  atoms  of  hydrogen  are  replaced  by  two  groups 
(NO*),  and  a  third  atom  of  hydrogen  by  the  group  NH*. 

When  acetic  acid  is  added  to  a  hot  aqueous  solution  of  the 
ammonium  salt  of  picramic  acid,  the  picramic  acid  is  deposited 
in  fine  red  needles. 

Phenol-snlphonic  Acids. — These  bodies  bear  the  same  rela- 
tion to  phenol  that  phenylsulphurous  acid  bears  to  benzol. 

C«H«  C«H*.OH 

Bensene.  Phenol. 

C«H»-SO'.OH  C«H«<^«  Q^ 

Pbenylsalphurous  acid.  Phenol-«ul|>hnroii8  acldi. 

OH 


<*H'<(S02.0H)« 
Phcool-dittulpharoui  adds. 
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B           Phenol-BolphnrouB   AoicU,   CH'<^(5.0H~'"'^   ''^ 

H         para-compoutida  are  formed  whea  phenol  is  dissolved  id  cod- 

■  ceutrated  sulphurio  acid.     The  firat  is  formed  id  large  quaoiiij 

■  in  the  cold,  and  is  readily  converted  inio  the  para- derivative  bj 
heat,    The  eieess  of  sulphuric  acid  is  Bepurated  by  neulraliiing 
with  oiiaik,  removing  the  calcium  sulphate  by  filtration,  lod 
decomposing  the  solution  of  the  calcium  salifi  with  potMsinni 
carbonate.     When  evaporated,  the  aolotion  first  deposits  potas- 
eium  paraph enolsulphite  in  hexagonal  plates,  and  tbe  ortho- 
phenolsulphite  afterirards  erystalliEes  out  in  needles,  containing 
two  molecules  of  water.    The  latter  salt  is  very  soluble  in  water; 
if  heated  with  an  excess  of  potassium  hydrate  it  is  00DVert«d 
into  pyrocalechin  fpage  683). 

liies  in  fine  needles,  containing  two  molecules  of  water.    When 
(page  684). 

ANILINE,  OR  PHENYLAMINE. 
C*H'N  =  C«H».NH> 

Aniline  w:ib  disci  ivrrud  by  Unverdorben  among  the  prodndi 
of  the  distillation  of  iniligo,  and  was  extracted  from  c<«l-tw  bj 
Runge.  It  is  now  prepared  artificiaUy  by  a  process  discovered 
by  Zinin.  This  process  consiotA  in  converting  bentene  into 
nitrobenzene,  and  eubjecting  the  latter  to  the  action  of  re- 
ducing agents  (see  nitrobeniene). 

Iron  and  acetic  acid  arc  advanlAgeouely  used  to  accomptudi 
this  reduction  (Bdchamp). 

Aniline  is  a  colorless,  mobile,  highly-refracting  lltjuid,  having 
a  peculiar,  unpleasaut  smell,  and  an  acrid,  burning  taste.  Ita 
density  at  0°  is  1.036.  It  boils  at  184,8°.  When  exposed  to 
the  air,  it  becomes  brown  and  ia  eventually  resinified.  Yihm 
pure,  it  may  be  solidified  by  cold,  and  then  fuses  at  — 8°. 

Aniline  is  almost  insoluble  in  water,  hut  mixes  in  all  pro- 
portions with  alcohol,  ether,  and  the  fatty  and  volatile  oik. 
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It  does  not  restore  the  blue  color  to  reddened  litmtis-paper, 
but  nevertheless  possesses  the  character  of  an  alkaloid,  for  it 
forms  well-defined  salts  with  the  acids. 

Reactions. — 1.  K  a  nitrate  and  sulphuric  acid  be  added  to 
aniline,  a  red  color  is  produced. 

2.  If  a  few  drops  of  aniline  be  poured  into  an  excess  of  sul- 
phuric acid,  and  a  small  quantity  of  potassium  dichromate  be 
added,  a  magnificent  blue  color  is  developed,  which  changes  to 
violet  on  the  addition  of  water. 

3.  A  solution  of  calcium  hypochlorite  (chloride  of  lime) 
added  to  aniline  produces  a  beautiful  violet  tint. 

4.  When  a  solution  of  an  aniline  salt  is  heated  with  cupric 
chlorate,  an  intense  black  color  is  developed  (Ch.  Lauth). 

These  reactions  are  applied  in  the  arts  in  the  preparation  of 
coloring  matters  of  incomparable  richness.  The  most  impor- 
tant of  these  matters  is  rosaniline,  or  /uchsine,  which  will  be 
described  farther  on. 

Salts  of  Aniline. — These  are  obtained  by  saturating  aniline 
by  the  acids. 

Aniline  hydrochloride j  C*H^N.HC1,  forms  colorless  needles, 
which  are  fusible,  and  can  be  distilled  without  alteration ;  they 
are  very  soluble  in  water  and  in  alcohol.  Platinic  chloride  pre- 
cipitates from  the  solution  fine  yellow  needles  of  a  chloro-plati- 
nate,  (C«H^N.HCl)TtCl\ 

Aniline  oxalate^  (C*H'N)'C"^H*0*,  crystallizes  from  water  in 
hard,  thick  prisms.  When  heated,  it  loses  the  elements  of 
water,  and  is  converted  into  oxanilide. 

j^    ONH'(CH')    _    2H'0    +    c,o.<NHCH» 
*'^^<-ONH»(C»H»)     —  ^**"    +    ^"%H.CH» 

Aniline  oz«Ut«.  Oxan  tilde. 

ANILIDES. 

By  the  action  of  heat,  the  aniline  salts  lose  the  elements  of 
water,  and  form  compounds  which  are  analogous  to  the  amides, 
and  which  Gerhardt  named  anilides.  When  aniline  acetate  is 
heated,  it  is  converted  into  acetanilide,  which  is  no  other  than 
acetamide  in  which  an  atom  of  hydrogen  is  replaced  by  a  phenyl 
group,  (C-H^. 

C^  <NH«  ^  "  <NH.C«H'^ 

Oxamide.  Phenyl  oxanitde  (oxanilide). 

C«I1«0.NH«  02H80.NH(C«H») 

AceUunide.  Phenylacetamide  (acetanilide). 
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ALCOHOLIC  DERIVATIVES  OF  ANILINE- 
The  alcoholic  radiculs  may  be  fiubstituted  for  one  or  both  of 
the  hydrogen  aloius  related  to  the  ottrogeD  in  anilioe,  thus 
forming  Becoodarj  and  tertiary  nmiDes.  Anions  these  «e  will 
only  vonaidcr  methyl -aniline  and  dimethyl- aniline,  which  are 
obtained  in  the  aris  by  heacinj;  to  220"  a  mixture  of  aniline, 
aniline  hydrochloride,  and  wood-spirit.  The  result  b  a  hydro- 
chloride of  ihe  methy .-anilines. 

Methyl-Aniline,  CH'-NH(CH*),  is  a  colorless  liquid,  which 
gradually  becomes  brown.  Its  density  at  15^  ia  U.976,  and  it 
boils  at  190-191°.  By  the  action  of  nitrous  seid  on  methtl- 
aniline,  or,  better,  by  the  addition  of  methyl-aniline  hydrocMo- 
ride  to  a  solution  of  potassium  nitrite,  a  thick  oil,  nilrotomeil^l 
aniline  I  is  obtained. 

yCW  /C"H* 

N— CH'  +  NO.OH  =  H'O  +  NMJH' 
^H  NNO 

It  is  methytaniline  in  which  the  hydro^n  atom  of  the  gnop 
NH  18  replaced  by  the  nitrosyl  group,  NO. 

All  of  the  secondary  aromatic  amines  undergo  analogotu  rm- 

Dimethyl-aniline,  CHLN(CH')',  ia  an  oily  liquid,  boiling 
at  192°,  and  solidifying  at  5°.  Ila  denaitj'  is  U.945.  Whenit 
is  submitted  to  tlie  action  of  nitrous  acid,  the  phenol  gm^ 
is  attacked. 

,C«H'  /C*H*.NO 

N^CU'  -i-  NO.OH  =  H'O  +  N^CH' 
\CH'  \CH* 

DliniUijI  .anil  lag.  NttnudlmMhTliDlllH 

Nitroflodimethylaniline,  produced  bv  this  reaction,  oryEtalUxi 
in  green  plates.  It  may  be  obtained  by  treating  dimethyl-ui- 
line  hydrochloride  with  ethyl  nitrite  or  amyl  nitrite. 

DIPHENYLAMINE. 

This  body  is  derived  from  ammonia  by  the  substitution  of 
two  phenyl  groups  for  two  atoma  iif  hydrogen.  It  is  formed 
in  various  reactions,  of  which  the  most  interesting  was  discor- 
ered  by  Girard  and  de  Luire.  It  consista  in  heating  aniline 
hydrochloride  to  25)i°  with  aniline.  Ammonia  is  disengaged, 
and  diphenylaminc  hydrochloride  is  formed. 
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H  [  N.HCl    +  H  y  N    =      C«H6  \  N.HCl    +    NH» 

HJ  HJ  hJ 

Free  diphenylamine  forms  crystals  fusible  at  54^.     It  boils 
at  310^.     It  is  insoluble  in  water,  but  dissolves  in  alcohol 
ether,  benzene,  and  petroleum.     Its  odor  recalls  that  of  oil  of 
rose. 

When  heated  with  a  mixture  of  oxalic  and  sulphuric  acids, 
it  yields  a  splendid  blue  color,  soluble  in  water,  and  known  as 
diphenylamine  blue  (Girard  and  de  Laire). 

DIAZOBENZENE  COMPOUNDS. 

Nitrous  acid  exerts  an  energetic  action  upon  aniline  and  the 
analogous  bases ;  it  is  indicated  here  because  it  presents  a  great 
generality  and  gives  rise  to  remarkable  bodies,  which  are  <»illed 
diaz(M:ompounds, 

When  a  current  of  nitrous  gas  is  passed  into  a  saturated  so- 
lution of  an  aniline  salt,  such  as  the  nitrate,  crystals  of  diazo- 
benzene  nitrate  are  deposited. 

C«H»N.HNO»    +     HNO*    =    2H'0    +     C*H»N«.NO* 

Aniline  nitrate.  Diaiobenxene  nitrate. 

This  body  is  formed  by  the  substitution  of  one  atom  of  nitro- 
gen for  three  atoms  of  hydrogen  in  aniline  nitrate. 

C«n*-NH».HNb«  aniline  nitrate. 
C«H*-N=N-(NO«)  diazobenzene  nitrate. 

It  forms  long,  colorless  prisms,  very  soluble  in  water,  slightly 
soluble  in  alcohol,  and  insoluble  in  ether.  It  explodes  violently 
by  heat  or  by  percussion. 

Besides  this  nitrate,  there  are  other  compounds  of  diazoben- 
zene. They  all  contain  the  diatomic  group  N=N,  combined 
on  one  hand  with  phenyl,  and  on  the  other  with  chlorine,  bro- 
mine, or  an  oxidized  group.  The  following  formulas  will  ex- 
plain their  constitutions. 

C*H^-N=N.CI  diazobenzene  chloride. 

C*H*-N=N.Br  diazobenzene  bromide. 

C*n*-N=N.NO'  diazobenzene  nitrate. 

C«H&-N»N.SO«H  diazobenzene  sulphate. 

These  compounds  present  several  interesting  reactions. 
1.  When  heated  with  water,  they  disengage  nitrogen,  and 
are  converted  into  phenols. 

C«HW.NO«  +  WO  =  (?H».OH  +  N»  -f  HNO* 

57* 
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2.  When  they  are  boiled  with  absolute  alcohol,  thej  aie  re- 
duced to  hydrocarbons,  nitn^n  being  disengaged  and  the 
alcohol  being  transformed  into  aldehyde. 

C*H*N«.HSO*  +  CHH3  =  CHH)  4-  C»H«  +  N«  +  IPSO* 

DiaaobetueiM  nUphate.  Aldehyde.        Betnrae. 

3.  With  auric  and  platinic  chlorides,  diazobenaene  chloride 
forms  double  salts.  When  the  plat i no-chloride  is  submitted  to 
dry  distillation,  it  yields  chlorobenzene. 

(C«H*.N*.Cl)*PtCl*  =  2C«H»C1  +  N'  +  2C1«  +  Pt 

4.  Diazobenzene  bromide  can  fix  two  atoms  of  bromine,  and 
the  bromide  so  formed  yields,  on  dry  distillation,  nitrogen, 
bromine,  and  bromobenzene. 

C«H».N«Br»  =  C«H»Br  +  Br»  +  N« 

These  reactions  are  complete,  and  invariably  accompanied 
by  the  disengagement  of  a  molecule  of  nitrogen,  N*,  and  the  for- 
mation of  a  substituted  benzene.  They  show  that  the  diazo- 
derivatives  are  substitution  compounds  of  benzene :  thus  diazo- 
benzene chloride  results  from  the  substitution  of  the  group 
(N'Cl)  for  an  atom  of  hydrogen  in  benzene. 

C«H«  C«H*.N».Cl 

Benzene.  Diobenzene  chloride. 

Diazoamidobenzene. — When  aniline  is  added  to  an  aqueous 
solution  of  diazobenzene  nitrate  or  chloride,  a  diazo-com pound  is 
obtained  which  is  more  complex  than  the  preceding  and  is  called 
diazoam  idohenze  n  r. 

Diazobenzene  nitrate.  Auiline.  DiazoamidobeDzene. 

The  same  body  is  formed  when  a  current  of  nitrogen  tri- 
oxide  is  passed  into  a  cooled  alcohoh'c  solution  of  aniline.  It 
forms  brilliant,  golden-yellow  scales,  fusible  at  91°.  It  ex- 
plodes at  a  higher  temperature. 

If  an  alcoholic  solution  of  diazoamidobenzene  be  left  to  itself. 
it  undergoes  a  curious  transformation,  first  noticed  by  Kekul^. 
The  diazo-couipound  is  converted  into  an  azo-derivative,  amida- 
zobenzene. 

C«H»-N»-NH.C«H*  C«H'^-N*-C«H*.NH« 

Diazoamidobenzene.  Amidazobenzene. 

This  change  shows  the  difference  existing  between  the  aio- 
derivatives  described  on  page  666,  and  the  diazo-com  pounds. 
Both  contain  the  diatomic  group  N  -N,  but  in  the  former  com- 
pounds it  is  related  to  two  aromatic  groups,  while  in  the  latter 
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it  links  together  an  aromatic  group,  and  a  monatomio  atom  or 
group.     This  may  be  understood  from  the  following  formolsd : 

Azo-deriratiTM.  DUio-deriTatiT«i 

C*H«-N»-C»H*  0»H*-N«.C1 

Azobensene.  Dtmsobenzenechloride. 

C«H»-N»-C«H*(NH«)  C«H*-N*-NH(C«H») 

AmJdazobeuzeoe.  DiazoAmidobeusene. 

The  salts  of  diazobenzene  react  not  only  with  aniline  and  the 
other  primary  and  secondary  aromatic  amines,  yielding  diazo- 
amidobenzene  and  its  analogues ;  they  undergo  analogous  re- 
actions with  other  aromatic  compounds,  such  as  the  phenols, 
naphtols,  tertiary  aromatic  amines,  metaphenylene-diamine,  etc. 
These  reactions  invariably  form  azo-com pounds,  of  which  a  large 
number  are  manufactured  and  used  as  dye-stuffs.  An  example 
is  the  action  of  diazobenzene  nitrate  on  phenol,  and  on  its  sulpho- 
derivative,  metaphenolsulphurous  acid  (page  674). 

C«H5-N«-N0S     +     C«H*.OII     =     C«H5-Na-C«H*.0H     +     HNO* 
Diazobeuzenenitrate.  Phenol.  Azobcnzene-phenol. 

C«H»-N«-NO»  +  C«H^<^^,g  ^    C«H«-N»-C«H8<^^5jj  +  HNO» 

Metaphonolmilphurous        Azol)enzene-pheDolaulphuroiui 
acid.  acid. 

The  last  compound  is  thesulphonic  acid  of  azobenzene-phenol, 
and  is  one  of  that  class  of  dye-stuffs  known  as  tropeoliues. 

These  compounds  have  acquired  great  importance  from  their 
applications  in  dyeing.  That  they  are  numerous,  may  be  under- 
stood if  it  be  considered  that  all  aromatic  compounds  containing 
the  group  NH'  may  be  converted  into  diazg-  and  azo-compoands 
by  the  methods  which  have  just  been  indicated. 

ROSANILINE  AND  ITS  DERIVATIVES. 

This  magnificent  red  coloring  mattor  is  obtained  by  heating 
aniline  to  150  or  160°  with  arsenic  acid,  which  acts  in  this  case 
as  an  oxidizing  agent.  The  solid  product  of  the  reaction  is 
dissolved  in  water,  and  the  filtered  solution  is  treated  with  solu- 
tion of  sodium  hydrate ;  the  rosaniline  which  was  combined 
with  arsenic  acid  is  precipitated.  It  is  then  dissolved  in  acetic 
or  hydrochloric  acid,  and  the  salt  so  formed  is  crystallized. 
It  separates  in  magnificent  crystals  which  present  a  green  re- 
flection, like  the  scales  of  cantharides,  and  dissolve  in  alcohol 
with  a  rich  purple  color. 
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The  roflftDiline  formed  in  this  reaetioD  resalts  from  the  ozidar 
tion  of  the  aniline,  and  toluidine  (see  farther  on),  which  always 
exists  in  commercial  aniline. 

C^H'N  +  2(7H»N  +  0»  =  C^H^W  +  SffO 

Aniline.  Tolnidine.  Boauilllna. 

In  the  preparation  of  rosanilinc,  arsenic  acid,  the  use  of 
which  is  dangerous,  has  been  replaced  by  another  oxidizing 
agent,  which  is  uitrobenzol.  The  latter  acts  by  virtue  of  the  group 
NO*,  which  it  contains  (J.  Persoz).  More  recently  rosanilioe 
has  been  manufactured  synthetically  by  heating  paraoitrobensoic 
aldehyde,  (CHO)C*H*-NO*,  with  aniline  and  sulphuric  acid. 

Properties  of  Bosaniline. — The  methods  of  preparation 
just  indicated  furnish  the  salts  of  rosaniline,  such  as  the  hydro- 
chloride, which  is  the  rich  coloring  matter  known  as  fuchsine. 
The  free  base  is  obtained  by  treating  a  hot,  saturated  solution 
of  the  hydrochloride  with  an  excess  of  soda.  The  rosaniline 
separiites  as  an  almost  colorless,  crystalline  precipitate.  It  is  a 
triacid  base  which  requires  three  molecules  of  hydrochloric 
acid  for  its  saturation.  It  is  curious  that  free  rosaniline  is 
colorless  and  occurs  in  small  crystals. 

The  monohydrochloride  of  rosaniline,  C*H**N^HCl  (fueh- 
sine),  forms  dark-colored,  rhombic  tables,  having  a  splendid 
green  reflection.  It  is  but  slightly  soluble  in  water,  but  dis- 
solves readily  in  alcohol,  forming  an  intense  purple  solution. 

The  trihydrochloride,  C~H*»N».3HC1,  forms  yeUow-brown 
needles  which  lose  hydrochloric  acid  when  heated  or  when  dis- 
solved in  water. 

Rosaniline  and  its  salts  present  two  important  reactions : 

1.  When  a  salt  of  rosaniline  is  treated  with  reducing  agents, 
such  as  nascent  hydrogen  (zinc  and  hydrochloric  acid),  the 
base  fixes  two  atoms  of  hydrogen  and  is  converted  into  lei^ 
caniluiCj  C^^II^'N^,  a  white  powder  slightly  soluble  in  water. 

2.  By  the  action  of  nitrogen  trioxide,  rosaniline  is  converted 
into  a  diazo-derivative  which  yields  rosolic  acid  when  boiled 
with  water  (pajies  677  and  688). 

Constitution  of  Bosaniline. — According  to  Hofinann,  the 
formula  C^ll'^N'^  represents  the  composition  of  rosaniline.  It 
is  exact,  but  it  has  been  recognized  that  the  products  known 
under  the  name  iiichsine  contain  several  isomerides  (Rosen- 
stiehl),  and  it  is  known,  besides,  that  there  are  several  homo- 
logues  of  rosaniline.  Without  dwelling  on  the  subject,  we  may 
mention  the  following  bodies : 


CKHilN'  punrouniliiie  <Piicb*r). 
C"H"N'  rq.»niliii.. 
CHINS  ihrjriololuidine. 

There  exist  also  corresponding  leucanilines  cootaining  two 
more  aionis  of  hydrogen. 

Uoftoann  has  adributod  to  the  roHaniliDe  C"H"N'  the  con- 
stitution expressed  by  the  formula 

According  to  hini,  it  it<  a  triamine,  containing  at  the  same 
time  a  diatoniit'  ftroup  phenylene,  CH*,  and  two  diatomic 
fn^oupH  CH'. 

Recent  researches  t«nd  to  modify  this  view.  E.  and  0. 
Fischer  consider  that  the  leucanilines  before  mentioned  are 
triamiues  derived  ftom  the  hydrocarbons  C'*H"  and  C'H"  by  " 
the  substitution  of  three  groups  NH'  tor  three  atoms  of 
hydrc^n,  and  that  the  rosanilines  result  from  the  aubtractlon 
of  two  atoms  of  hydrogen  from  ihe  corresponding  leucanilinee. 
This  will  be  seeu  in  the  following  fbrmulie : 

Hjdroarbaiu.  LeuuDlllun.  BcmnLllnia. 

(J'H"  C"H"(NH')'  C"H"(J-}^'{J''^' 

C-H"  C«H"(NH')'  C^H-'^Jj^f^'*' 

By  subjecting  the  corresponding  leucanilines  to  the  action 
of  nitrous  anhydride,  and  reducing  the  d  into- com  pounds  thus 
formed  by  alcohol,  these  chemists  obtained  the  hjdrocarboos 
(^ti"  and  CH",  which  were  again  converted  into  feuoaDilines, 
and  then,  by  oxidation  of  the  latter,  into  rosanilines. 

We  may  odd  that  the  hydrocarbon  C"H",  which  is  solid 
and  fiisible  at  93".  is  triplicnyl methane,  that  is,  niarsh-gaH,  in 
which  three  atoms  of  hydrogen  are  replaced  by  three  phtsnyl 
groups. 

CH*  Cn(C"H')' 

Coloring  Hatten  derived  from  Boianiline. — When  rosan- 
iline  j^  heated  with  ethyl  iodide,  three  atoms  of  hydrogen  are 
replaced  by  three  ethyl  groups,  and  this  trielhi/t-TO»aii3ine 
jrielda  with  the  acida  a  magniSceut  violet  color,  known  as  Hot- 
maim'a  violet 
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Triphenylrosaniliney  in  which  three  atoms  of  hydrogen  are 
replaced  by  three  phenyl  groups,  G*H*,  is  formed  when  rosani- 
line  is  heated  with  an  excess  of  aniline.  This  reaction,  in 
which  ammonia  is  disengaged,  was  discovered  by  Girard  and 
de  Laire. 

(TH'W  +  3C«H».NH«  =  C«H^\C«H*)»N»  +  3NH» 

Boflaniline.  Aniline.  Triphenyl-rosaniline. 

The  hydrochloride  of  triphenyl-rosaniline  is  of  a  magnificent 
blue  color,  and  is  known  as  Lyons  blue  (Ch.  Girard  and  de 
Laire).  The  following  formulae  show  the  interesting  relations 
which  exist  between  roaaniline  and  its  ethyl  and  phenyl  deriv- 
atives: 

Bosaniline.  Triethyl-roaaniline.  Triphenyl-rosaoiline. 

(Baae  of  HoftnunQ't  viulet)         (Bmo  of  Lyons  blae.) 

Wc  may  mention  among  the  derivatives  of  rosaniline,  Paris 
violet  and  the  aniline  greens,  particularly  the  beautiiiil  color- 
ing matter  known  jus  niffht-greeii,  because  it  retains  its  rich 
green  tint  in  artificial  light. 

Paris  violet,  which  has  been  for  some  years  manufactured 

by  Poirrier,  is  a  splendid  color,  produced  by  the  oxidation  of 

methylaniline  or  dimethylaniline. 

C«H*)  C«H*) 

CH«  \  N  C113  \  N 

H  J  CIP  j 

Methylaniline.  Dinietbylaniline. 

Ch.  Lauth  realizes  this  oxidation,  or  rather  dehydrogena- 
tion,  by  heating  methylaniline  with  cupric  chloride.  The 
reaction  is  complex,  and,  according  to  Hofmann  and  Martins^ 
gives  rise  to  trimethyl-rosaniline. 

When  heated  with  methyl  chloride,  the  base  of  Paris  violet 
fixes  two  molecules  of  that  compound,  forming  a  combinatioD 
of  trimethyl-rosaniline  and  methyl  chloride.  This  combination 
constitutes  night -green. 

Dichlorometiiylate  of  triniethylorosaniliiie 
(nigti^green). 

ROSOLTC  ACIDS. 

To  the  rosanilines  which  have  been  described  correspond 
derivatives  containing  hydroxyl,  and  which  have  been  named 
rosolic  acids.     They  contain  two  hydroxyl  groaps,  substitated 


At'HIN. 


for  two  groups  NR'  of  the  roGanilioes,  and  ao  atom  or  oxygen 
which  replaces  the  group  NH. 


^0 


WheD  li  part  of  phenol  m  heated  with  1  part  of  oicalic 
acid  and  2  parts  of  sulphuric  acid,  it  in  convi^rted  into  a  color- 
ing-iuatt«r,  which  was  first  described  under  the  name  rosolic 
acid,  or  coralline-yellow.  The  eiuue  body  or  analogous  bodies 
may  be  obtained  by  meuns  of  the  rosaoUbee  (see  farther  on), 
Indeed,  it  has  been  recognized  that  there  are  several  homolo- 
gous bodies  having  the  properties  and  the  coDHtitution  of  roso- 
lic acid. 

Kosolic  acid  made  troin  pure  phenol  contains  C"il"0',  and 
is  called  aurin  (Dale  and  Schorlenimer).  It  uccura  in  very 
brilliant,  red,  aaortbie  priems  having  a  blue  or  green  reflection. 
It  cerreeponds  to  a  rosaniline,  C''H"[NH')'  ( pararoBaniline), 

To  ort^nary  rosaniline  oorrespoadB  the  other  rosoUo  acid,  a 
Buperior  homologue  of  aurin. 

Aurin  is  used  in  dyeing.  When  it  is  hcat«d  to  180°  with 
an  alcoholic  solution  of  aoinionia,  it  is  c(mvcrl«d  into  a  bright- 
red  coloring  matter,  noticed  by  Persoi.  and  employed  in  dyeing 
under  the  name  comllme-red. 

OX  Y  PHENOLS. 
C'H<0' 
Three  isonicrie  bodies  having  the  eoraposition  C'H'O'  = 
C*H*<(-j.r  are  known  ;  they  are  derived  from  benzene  by  the 
sabslilution  of  two  hydroxyl  groujis  lor  two  atoms  of  hydro- 
gen. These  three  bodies  are  osyphenot,  or  pyrocatachtn,  reeor- 
an,  and  hydroquinone. 

Pyrooateobin,  CH'<.,i,ji^,ia  so  named  because  it  was  first 
obtuincil  by  the  destructive  distillation  of  caoutcfaoac.     It  is  _ 
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also  prodnced  by  the  distillation  of  gam  kino  and  yarions  tan- 
nins which  produce  a  green  color  with  ferric  salts.  Pyroca- 
techin  is  a  solid  body,  very  soluble  in  water  and  alcohol,  very 
slightly  soluble  in  ether ;  it  crystallizes  from  its  aqueous  solu- 
tion in  rectangular  prisms,  belonging  to  the  orthornombic  sys- 
tem. It  melts  at  111.8^,  and  sublimes  below  that  temperature 
in  brilliant,  colorless  plates.  It  boils  between  240  and  245°. 
Its  odor  is  strong  and  excites  sneezing.  It  has  the  character 
of  an  acid,  like  phenol  itself.  It  dissolves  in  the  alkalies  and 
in  the  alkaline  carbonates.  When  exposed  to  the  air,  these 
solutions  become  colored,  first  green,  then  brown  and  black. 
An  aqueous  solution  of  pyrocatechin  produces  a  deep-green 
color  with  ferric  chloride,  which  changes  to  dark-red  on  the 
addition  of  an  alkali. 

Sesorcin,  ^^^"^qhM*  ^^^^  ^  ^^®  bomologue  of  orcin, 

(7H"0',  is  formed  when  certain  gums,  such  as  galbanum, 
asafoctida,  gum  ammoniac,  sagapenum,  etc.,  are  fused  with 
potassium  hydrate  (Hlasiwetz  and  Barth).  It  is  extracted 
from  the  fused  mass  by  dissolving  the  latter  in  water,  super- 
saturating with  sulphuric  acid,  filtering,  and  agitating  the  fil- 
tered solution  with  ether,  which  dissolves  the  resorcin.  After 
having  driven  off  the  ether  on  a  water-bath,  a  residue  is  ob- 
tained which  is  distilled  :  the  resorcin  sublimes  and  condenses 
in  radiated  crystals. 

Oppenheim  and  Vogt  obtained  resorcin  by  fusing  chlon>- 
phenylsulphurous  acid  with  potassium  hydrate.  The  former 
body  is  obtained  when  chlorobenzene  is  treated  with  sulphuric 
acid. 

c«n*ci       +        H«SO*     =      H«0      +     C«H*<|^^ 

Chlorobenzene.  Chlorophenyl- 

ralphuront  acid. 

C«H*<^,{^'^   +  2K0H  =  KCl  +  K«SO»  +  C«H*  |  ^| 

Potajiiuni  chlomphenyl-  Betordn. 

sulphite. 

It  is  also  formed  when  metapheDolsulphurons  acid  is  fasec^ 
with  potassium  hydrate. 

Resorcin  forms  colorless,  prismatic  or  tabular  crystals.  I — 
melts  at  110°,  and  boils  at  271°.  It  is  very  soluble  in  watec:= 
alcohol,  and  ether. 

Hydroqninone,   C«H*<Qg[2.— This  body  is  formed  wh 


'1') 

iJrate,  or  more  readily  b;  tlie  aclioa  of  redocing  ageats.  such 
as  naaceDt  hydrogen,  hydriodjc  acid,  or  fiulphurous  acid,  on 
qui  DO  DC. 

CH-O*  +  H'  =.  CH'O- 

Wohler,  who  discovered  it,  found  it,  also  among  the  products 
of  tte  dry  distillation  of  quinic  add. 

Ilydroquinone  cryHtatliKofl  in  beautiful,  trunsparent,  aod  col- 
orless, right  rhombic  prisms.  It  has  no  odor ;  iiM  tairte  is 
BweeUeh.  It  dissolven  in  17  parts  of  water  at  15°,  and  is  very 
soluble  in  alcohol  and  ether.  It  mells  at  177.5°,  and  solidifies 
at  165°.  When  gently  heated,  it  nublimes  in  brilliant  plates, 
like  those  of  sublimed  benzoic  acid.  It  partially  decomposes 
when  abruptly  heated.  When  its  vapor  b  passed  thnjugh  a 
tube  heated  to  dull  redness,  it  breaks  up  into  (ininone  and 
hydj!y>gen.  Various  oxidizing  agents,  such  as  chlorine,  ferric 
chloride,  nitric  acid,  silver  nitrate,  and  potassium  dicbromat«, 
traDsform  it  into  a  eubstunce  which  deposilA  in  magnificent 
green  needles,  having  a  metallic  reflection.  It  is  qiiin/ii/drone 
or  green  kydro^none,  C'*H"0',  a  combination  of  t]uinonc  and 
hjdroquinone. 

QDINONE. 
C'H'O' 

This  remarkable  body,  discovered  by  Woskrescosky,  is  a 
product  of  the  oiidalion  of  quinio  acid,  which  exists  in  cin- 
chona bark.  It  may  be  obtJiiocd  by  di»tillin<,'  thai  acid  with  a 
mixture  of  Tnan^faiiese  dioxide  and  sulphuric  acid.  The  iDa.ss 
BwelU  up  and  disengaires  vapors  of  quinone,  which  condeuse 
in  the  receiver  ia  brilliant,  golden-yellow  needles.  They  are 
pressed  between  folds  of  filtur'paper  and  purified  by  resublLma- 
tion. 

It  is  also  formed  when  various  para  disabstituled  betiaols, 
sucb  as  phenylene-diaiuioe,  amidophenol,  phenoUulphuroua 
acid,  etc.,  are  treated  with  oxidiuu^  agents. 

Quinone  crystallizes  in  long,  brilliant,  transparent  needles  of 
s  golden-yellow  color.  It  is  very  soluble  in  cold  water,  and 
more  soluble  in  alcohol  and  ether.  U  mellis  at  115,7°  to  a 
yellow  liquid,  which  at  115.2°  solidifies  to  a  crystalliDe  mus. 
It  sublimes  at  ordinary  temperatures,  emitting  pungent  vapors 
which  excit«  tears. 
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Chlorine  converts  it  into  a  triobloro-deriTative,  C*HClHy, 
cryBtallisable  in  small,  yellow  prisma,  ftudble  at  164-166^. 

When  treated  with  a  mixture  of  potassium  chlorate  and 
hydrochloric  acid,  quinone  is  converted  into  tetrachloroquinone, 
C/ Cl^O',  better  known  as  chloramle.  This  name  was  given  by 
Erdmann,  who  first  obtained  this  body  by  the  action  of  chlorine 
on  indigo,  of  which  the  Portuguese  name  is  anil.  The  same 
body  is  formed  by  the  action  of  a  mixture  of  potassium  chlorate 
and  hydrochloric  acid  on  a  great  number  of  aromatic  com- 
pounds, such  as  phenol,  picric  acid,  salicylic  acid,  salicin,  isatine, 
etc.  Tetrachloro<|uinone  forms  pale-yellow  scales,  having  a 
pearly,  metallic  lustre.  When  gently  heated,  it  sublimes  with- 
out fusing,  and  leaves  no  residue..  It  is  insoluble  in  water  and 
almost  insoluble  in  cold  alcohol,  but  dissolves  in  boiling  alcohol 
and  separates  on  cooling  in  golden-yellow  scales. 

Constitutioii  of  Quinone  and  Hydroqninone. — According 
to  Graebe,  these  bodies  are  allied  to  benzene,  from  which  the  first 
is  derived  by  the  substitution  of  two  atoms  of  oxygen  for  two 
atoms  of  hydrogen  ;  but  as  the  two  atoms  of  oxygen  represent 
four  atomicities,  of  which  two  only  are  employed  in  replacing 
H'  in  benzene,  the  other  two  serve  to  bind  together  the  two 
atoms  of  oxygen.  The  couple  (0"-0")"  can  indeed  play  the 
part  of  a  diatomic  group.  In  the  formation  of  hydroquinone, 
these  atoms  of  oxygen  separate  from  each  other  and  each  fixes 
one  atom  of  hydrogen,  so  that  two  hydroxy  1  groups  are  formed 
and  substituted  each  for  one  atom  of  hydrogen  in  benzene.  The 
following  formulae  express  these  relations : 

C«H«  C«H*<^  ^H*<OH 

Bensene.  Quinone.  Hydroquinone. 

This  view  is  generally  adopted,  but  it  is  not  established  with 
certainty.  It  may  be  that  quinone  contains,  like  anthrsquinone 
(see  farther  on),  two  carbonyl  groups,  CO ;  in  this  case  its 
constitution  would  be  represented  by  the  formula 

CH-CO-CH 

Ch-co-ch 

Bodies  analogous  to  quinone  and  hydroquinone  have  been 
obtained  from  naphthalene  and  anthracene. 
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PHLOROGLUCIN. 

C«HH>»=C«H»(OH)» 

Phloroglucin  and  its  isomeride  pyrogallol  are  trioxyphenols, 
and  represent  benzene  in  which  three  atoms  of  hydrogen  are 
replaced  by  three  hydroxyl  groups.  The  relations  between 
phloroglucin,  oxyphenol,  and  phenol,  are  the  same  as  those 
between  glycerin,  propylglycol,  and  propyl  alcohol. 


0>HT.OH  C»H«    '^g  C»H6  J  OH 

Propyl  alcohol.  PropylglycoL  Glycerin. 

roi 


C«H*.OH  C«H*  I  ^^  C«H»  I  OH 

Plienol.  Oxyplienol.  Phloroglucin. 

Phloroglucin  was  discovered  by  Hlasiwetz,  who  obtained  it 
by  heating  phloretin  (page  589)  with  a  very  concentrated  solu- 
tion of  potassa.  It  is  also  formed  in  many  other  reactions, 
especially  when  gum-kino,  gamboge,  and  dragon's-blood  are 
fused  with  potassium  hydrate. 

Phloroglucin  crystallizes  in  hard,  rhombic  prisms,  having  a 
very  sweet  taste.  It  is  quite  soluble  in  water,  alcohol,  and 
ether.  Its  aqueous  solution  is  neutral,  and  produces  a  deep- 
violet  color  with  ferric  chloride.  Its  ethereal  solution,  evap- 
orated upon  a  microscope-slide,  deposits  prisms  in  tangled, 
tree-like  forms  which  are  very  characteristic. 

The  crystals  deposited  from  ether  are  anhydrous,  while  those 
formed  in  water  contain  two  molecules  of  water  of  crystalliza- 
tion, which  they  lose  at  100°.     The  dry  crystals  melt  at  220°. 

With  ammonia,  phloroglucin  forms  a  basic  compound,  phlo- 

ramine,  C«H»<^^^^'. 


TOLUENE  AND  ITS  DERIVATIVES. 

TOLUENE. 

CTH8=C«H»-CH» 

Toluene  is  a  homologue  of  benzene.   It  was  discovered  in  1837 
by  Pelletier  and  Walter;  H.  Deville  has  obtained  it  by  distil- 
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ling  balsam  of  Tola;  heaoe  its  name.  It  exists  in  coaUar, 
and  may  be  separated  from  that  body,  like  beniene,  by  fractional 
distillation,  its  density  at.  0""  is  0.882.  It  boils  at  111''.  It 
is  methyl'phen^ly  or  methyUbenzene^  and  has  been  obtained  by 
synthesis  oy  heating  a  mixtare  of  methvl  iodide  and  monobro- 
mobenzene  with  sodium  (Fittig  and  Tollens). 

C*H»Br  +  CH»I  +  2Na  =  Nal  +  NaBr  +  (?H»-CBP 

MoDobromobeniseiieL  Mattkj^-pbmyL 

A  method  of  synthesis  of  tolnene,  which  by  the  generality  of 
its  applications  is  one  of  the  most  fecund  in  chemistry,  is  due  to 
Friedel  and  Crafts.  It  consists  in  the  reaction  of  methyl  chlo- 
ride on  benzene  in  presence  of  aluminium  chloride.  Toluene  \& 
formed,  and  hydrochloric  acid  is  disengaged.  It  is  probable  that 
the  aluminium  chloride  first  acts  on  the  benzene,  disengaging 
hydrochloric  acid  and  forming  a  phenyl  derivative  of  aluminium 
chloride,  which  derivative  is  continually  formed  and  continually 
decomposed  by  the  methyl  chloride.  The  cycle  of  reactions 
would  then  be  represented  by  the  following  two  equations: 

Cni«  +  A1»C1«  =  APC1*((?H*)  +  HCl 
A1»C1*(C«H*)  +  CH^Cl  =  C'H^cCH*)  +  Al'Cl* 

We  may  add  that  the  toluene  thus  formed  may  react  with  an 
excess  of  methyl  chloride,  forming  hydrochloric  acid  and  dime- 
thyl benzene  (xylene),  which  in  its  turn  may  react  upon  an  ex- 
cess of  Diethyl  chloride.  It  is  thus  seen  that  the  methylation 
of  benzene  does  not  stop  with  the  first  substitution  compound, 
and  that  the  nature  of  the  products  formed  depends  upon  the 
proportions  of  the  bodies  which  react.  Friedel  and  Grails  have 
thus  succeeded  in  introducing  six  methyl  groups  into  beniene. 
and  have  made  the  Synthesis  of  hexamethylbenzene. 

(^«n«  +  6CH»C1  =  6HC1  +      C^CH»)* 

Hexunethylbenieiie. 

Properties  of  Toluene. — Toluene  is  a  colorless  liquid,  insol- 
uble in  water.     Its  density  at  0°  is  0.882,  and  it  bous  at  111°. 

When  it  is  boiled  with  dilute  nitric  acid  or  a  solution  of 
chromic  acid,  it  is  transformed  into  benzoic  acid. 

C'H^-CH*    +    0»    =    C*H*-CO.OH    +     H»0 

TblaeiM.  Braioic  add. 

As  is  indicated,  the  methyl  group  is  attacked  and  oonTertad 
into  carboxyl,  CO.OH. 


8UBST1TDTION   PRODUCTS  OP  TOLUENE. 
These  cntD  noun  lis  are  numerona,  aod  present  Tarions  tBomtj 
isms,  of  whidi  we  will  coosider  the  prinuiptee. 

When  Khlorint!  acts  opou  toluene,  f       ,  ono  o 

of  hydrogen  may  be  removeil  and  rcpliired  liy  as  miiny  atoms 

of  chloriiio.     Tho  mfisl  simple  of  l.hc  products  limn  formed  w 

till!  ounipuuud  Cll'Cl,  vhidi  results  from  the  subetitution  of 

one  oloin  of  chlorine  for  one  aloui  of  hydro 

Boi  this  substitution  may  take  pluce  in  t 

t-*!!'.  or  in  the  lateral  chain  CU'.  aiid  tw( 

Uiua  formed,  monochlorotoluene  and  beoiyl  chloride. 


Monochlorotoluene,  C'H'<, , I     .isadi-aubstitutedderivaUd 
of  bdnione;  it  mny  consequently  exist  in  three  isomeric 
ifimtions.  as  has  already  been  explaiiied  (page  Tt'M). 

It  is  thus  seen  that  there  are  four  different  bodies  dei 
from  (otuiiuo  by  the  substitat'on  of  one  atom  of  ehlorio 
oat  of  hydrogen,  namely,  benny)  chloride  and  three  nioDochlsf 
nuluenes. 

%e  following  table  includes  a  number  of  toluene  deriratives : 


CH'(Ne')  C«H*(OH) 

UH»  til' 
Tuluidlns.  Crwl. 

C«H»  CH' 

iH'(NH')  iu'.OlI 

Bsnafla-  Unit]'! 


C<H<(OBf    C'H'IOH) 


rii:]r>       SUicjIlculd. 


io.OH 


Among  tliese  compounds,  tboee  plaued  in  the  nam 
line  preaent  isomerii^ms  easily  understood  from  the 
which  eifiTcsa  their  couj^titutions  and  show  tJie  atomi 

Those  bodies  in  the  Ersi  hoiisontAl  series  constitute  di-ealg 
Btituted  coiupouiids  of  bensene. 
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HeDce  they  may  exist  in  three  different  iflomerio  modifica- 
tions, and  conseqaently  there  are  four  isomerides  of  each  of 
these  derivatives  of  toluene,  excepting  salicylic  acid,  just  as  for 
monochlorotoluene. 

Chloro-DeriTatives  of  Toluene. — Benzyl  chhridey  C*H*- 

CHK/lf  is  formed  when  chlorine  is  passed  into  boiling  toluene. 
It  is  a  colorless  liquid,  having  an  irritating  odor,  and  boiling 
at  176^ 

The  monochlorotoluenes  are  formed  by  the  action  of  chlorine 
on  cold  toluene.  Ortho-  and  metachforotoluene  are  liquids 
boiling  between  156  and  157^.  Parachlorotoluene  boils  at 
160.5^,  and  below  0^  solidifies  to  a  mass  which  melts  at  6.5^. 

Hitrotoluenes. — Monohydrated  nitric  acid  attacks  toluene 
and  converts  it  into  nitrotoluene,  C'H'(NO'),  and  dinitrotolu- 
enes,  according  to  the  duration  of  the  reaction.     There  are 

three  nitrotoluenes,  C*II*<j^^, 

Orthonitrotolucne,  a  yellow  liquid,  boiling  between  222  and 
223°. 

Metanitrotoluene,  crystals,  fusible  at  16°.   Boils  at  230-231°. 

Paranitrotoluenc,  almost  colorless  prisms,  fusible  at  54°,  and 
boiling  at  236°. 

Dinitrotoluenej  C*H*(NO')'CH*,  is  formed  when  toluene  is 
treated  with  a  mixture  of  nitric  and  sulphuric  acids.  Long 
needles,  almost  colorless,  fusible  at  70.5°.  An  isomcride  w 
known,  fusible  at  60°. 

CRESOLS. 

CTH80  =  C«H*<oH* 

There  are  three  cre.<iol8,  two  solid  and  one  liquid.  The 
may  be  formed  artificially  by  treating  toluene  with  sulphuric  aci 
according  to  the  process  indicated  on  page  606 ;  but  in  thi 
reaction  several  isomeric  sulphoconjugated  acids  are  former 
and  when  decomposed  by  j)<»tassium  hydrate,  they  yield  diife^ 
ent  cresols. 

The  liquid  crosol  discovered  by  Fairlie,  and  extracted  fh)! 
wood-tar  by  Duclos,  is  a  colorless  li()uid,  having  an  odor  liWct 
that  of  phen(»l.  It  boils  at  189-100°.  It  appears  to  be  :i 
mixture. 

Orthocresol  is  a  crystalline  mass,  fusible  at  31°,  and  boilii^ 
at  185-186°. 

Metacresol  Is  liquid. 
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Paraoreflol  forms  oolorlefls  prisms,  fiisible  at  36^.  It  boils 
St  198^  (A.  Wurts). 

ORCIN. 

This  body  is  an  oxycresol.  It  was  discovered  by  Robiquet 
in  1829,  and  is  obtained,  at  the  same  time  as  erythrite,  by 
decomposing  erythrin  by  slaked  lime  at  150°. 

The  orcin  is  deposited  first  in  beautifiil  crystals  from  the 
solution  which  contains  both  substances,  and  it  is  purified  by 
recrystallization.  It  forms  colorless,  hexagonal  prisms,  con- 
taining one  molecule  of  water  of  crystallization.  It  melts  at 
58*^,  losing  its  water,  and  the  anhydrous  orcin  boils  at  290°. 

The  crystals  of  orcin  become  rose-colored  in  the  air.  When 
ammonia  is  added  to  their  aqueous  solution  and  the  liquid  is 
exposed  to  the  air,  it  absorbs  oxygen  and  assumes  first  a  violet 
color  and  afterwards  a  brown.  A  nitrogenized  body  is  formed 
which  is  known  as  arcein,  and  constitutes  the  coloring  principle 
of  the  orchil  of  commerce. 

The  synthesis  of  orcin  has  been  made  by  the  action  of  fused 
potassium  hydrate  on  the  sulphoconjugated  acid  of  mono- 
chlorotoluol  (cresyl  chloride,  C*H*Cl.CH^j.  The  chlorine  and 
the  group,  SCH,  of  this  compound  are  thus  replaced  by  two 
groups  OU  (Vogt  and  Uenninger). 

fci  rOH 

C«H»JS0»K     +  2K0H     =    SO^Ka    +     KCl     +     C«H»J  OH 
I  CH»  I  CH« 

Poteasiani  chlorocresyl-  Orcin. 

snlphite. 

TOLUIDINES. 

Paratolnidine. — Solid  toluidine,  which  is  paratoluidine,  was 
discovered  by  Hofmann  and  Muspratt  in  1848.  They  obtained 
it  by  the  reduction  of  paranitrotoluene  by  ammonium  sulphy- 
drate.  This  reduction  may  also  be  accomplished  by  iron  and 
acetic  acid,  or  by  tin  and  hydrochloric  acid. 

CTHXNO')     -f     3H'    =    C'H'(NH^)     +     2ffO 

Nltrotoluene.  Toluidine. 

An  interesting  method  of  formation  of  paratolnidine  was  dis- 
covered by  Hofmann  and  Martins.  When  methylaniline  hydro- 
chloride is  heated  to  350°  under  pressure,  paratolnidine  hydro- 
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obloiide  is  formed.  The  methyl  group  which  is  united  to  the 
nitrogen  of  the  former  base  is  then  transposed  and  exdianged 
for  an  atom  of  hydrogen  of  the  phenyl  groap. 

Methylanillne.  Tolaldine. 

Paratoluidine  is  a  solid  heavier  than  water.  It  crystallises 
from  its  dilute  alcoholic  solution  in  large  plates.  It  melts  at 
45°,  and  boils  at  198°.  It  is  almost  insoluble  in  water,  but 
very  soluble  in  alcohol  and  in  ether. 

Toluidine  exists  nearly  always  in  commercial  aniline.     It  i« 
important  and  necessary  for  the  preparation  of  certain  anilin(2 

colors. 

Orthotoloidine  was  discovered  by  Rosenstiehl  in  commercial 
toluidine,  which  is  a  mixture  of  para-  and  orthotoloidine.     It  is 
formed  by  the  reduction  of  orthonitrotoluene  by  nascent  hy- 
drogen.    It  is  liquid  and  does  not  solidify  at  — 20°.     It  boils 
at  199.5°. 

Metatoloidine. — A  colorless  liquid,  boiling  at  197°.  Density 
at  25°,  0.998. 

BENZYL  ALCOHOL. 

C'HSQ  =  C«H5-CH«.0H 

Cannizzaro  obtained  this  body  by  heating  oil  of  bitter 
almonds  with  an  alcoholic  solution  of  potassium  hydrate. 

2CUP0     +     KOH    =    KC^HW    +     CHH) 

BeDzyi  aldehyde.  Potaaslam  bensoate.       Benxyl  alcohol. 

Toluol  may  be  converted  into  benzyl  alcohol.  It  is  boiled 
in  a  current  of  chlorine,  and  benzyl  chloride  is  thus  formed, 
C'H'Cl.*  This  chloride  may  be  transformed  into  benzyl 
alcohol  by  heating  it  with  potassium  acetate  and  decomposing 
the  benzyl  acetate  so  formed  by  potassa. 

CTH'Cl     +     KCIPO«    =    CWO'.CW    +    KCl 

Benzyl  chloride.  64>nxyl  aretate. 

CH^C^IW    +    KOH    =    KCH'O'     +     CH^OH 

Benzyl  acetate.  Benzyl  alcohol. 

Benzyl  alcohol,  or  benzyl  hydrate,  is  a  colorless,  oily  liquid, 
having  a  faint  but  agreeable  odor.  It  boils  at  207°.  Density 
at  0°,  1.0628. 

*When   chlorine   \»  pasfied   into  cold  tolaent,  bentyl  chloride  it  not 
formed,  but  monocblorotoluene  (page  690). 
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Wlieo  be&l«d  with  nilric  acid,  it  is  converted  into  beni^I 
tldefaydo  (oil  of  bitter  almonds;, 

CH'O  4   0=  H'O  +  C^H-O 
Chromio  Huid  oxicIixBs  it  to  benzoic  arid, 

rilH)  +  C  ^  H'O  +  CH'O' 

The  relations  between  Iicukj-I  alcohol,  benijl  aldt'liyde,  a 

bettxoic  a<:id  are  the  same  a£  those  between  aii'iilinl.  aldehydf 

utd  acode  acid. 


CIIM:II>.0H  Klcohal. 
CH»-rHO       ildthjile. 
Ca'-CO'n       ■Mtio  •cid 


C«H>-CHO        bfiiiyl 

C«H>-CO'H      b*otoio  Mid. 


ibyde. 


Beuyl  Componnda— i(™^/  rhhritk,  CH'Cl  =  CH*- 
CH'Cl,  is  furmed,  aa  has  alrcaiij  bcHD  remarked,  when  chbrinu 
is  passed  into  boiling  lolueoe.  It  is  also  formed  by  the  aetion 
of  hjdnichloric  a«.-id  on  bensjl  aluithol  by  the  aid  ol'  heat.  It_ 
is  B  colorless  liquid  having  na  irritating  odor.  It  boils  i 
176". 

Betaiflamaie,  CH'-CH'.NH'.— This  body  is  fonned  hy  tlH 
action  of  nascent  hydrc^n  ou  lieniunitrile  (jihenyl  cyanide), 
which  thus  fixes  finir  aXatm  of  hydrogen.  It  is  also  fontied 
in  small  quantity,  together  with  dibenEylamine  and  tribeni^U 
amine,  when  benzyl  chloride  b  heated  with  alcoholic  amro 
It  is  a  limpid  liquid,  boiling  at  18S°,  and  miscilite  with  n 
alcohol,  and  ether.     Dcn^'ilv,  0.1)9  at  14". 

Tribeiaglnminc,  (C•H^^I!')''iV.'— This  is  formed  in  t 
danue  by  the  at-tion  of  u  lini  ulcuholie  solution  of  ammon 
bew^l  ehloridt?.     It  eryslallizes  in  beautiful,  colorless  needles 
or  plal«s,  fiudble  ut  £11°.     It  is  insoluble  in  wat«r,  slightly 
soluble  in  uuld  aluuhol,  very  soluble  in  hot  aloohol  and  m  ether. 

BENZYL  ALDEnYDE. 
C'H«0  =  C«H»-CHO 

B  body,  also  cnlled  benaojl  hydride,  exists  in  the  eesen 
oil  of  bitter  almonds,  mixed  with  hydrocyanic  acid,  tioth  s 
0t«nces  being  formed  by  the  action  of  emulsiu  and  water  o 
Btnygdalio  (page  641). 

Griumux  and  Lauth  have  obtained  it  by  oxidixing  bensjf 
cbIorid«  by  boiling  with  nitrate  of  lead  or  of  copper. 
PH'-CH'CI  +  0  =  HCl  +  CH'-CHO 
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Bensyl  aldehyde  is  a  ooloilen,  BbKmg^-ieftiolaigliqiiid,  hir- 
iog  a  pleasant  odor  and  a  pangent^  aiDmado  taste.  It  boih  it 
179.5f 

When  its  vapor  is  passed  through  a  porcelain  tube  filled  widi 
pumice-stone  and  heated  to  rednesB,  bcouyl  aldehyde  fareab  vp 
into  benzene  and  carbon  monoxide. 

CHH)  =  CO  +  (?H« 

When  exposed  to  air  and  light,  it  absorbs  oxygen,  and  is  ood- 
verted  into  benioic  acid. 

CBTO  +  0  =  CBHy 

Benioleacld. 

Nascent  hydn^en,  produced  by  the  acdon  of  water  <» 
sodium  amalgam,  transforms  benzyl  aldehyde  into  benzyl  alco- 
hol (Friedel). 

CRH)  +  H«  =  (Tff  .OH. 

Chlorine  and  bromine  oonvert  it  into  chloride  and  bromide 
of  benzoyl ;  hence  the  name  benzoyl  hydride. 

Cl«    =     HCl 


C'H^O.H     + 

Benzyl  aldehyde. 


+    C'H'O.Cl 

BeoBoyl  chloride. 


When  crude  oil  of  bitter  almonds  containing  hydrocyank 
acid  is  mixed  with  alcoholic  potassium  hydrate,  or  when  the 
pure  oil  is  mixed  with  an  alcoholic  solution  of  potassium  cya- 
nide, the  benzyl  aldehyde  is  polymerized  and  converted  into  i 
solid  body,  which  is  benzoin^  C"H"0^  The  latter  body  crystal- 
lizes in  brilliant,  colorless  prisms,  fusible  at  133-134^.  Itk 
but  slightly  soluble  in  water  and  cold  alcohol,  very  soluble  in 
boiling  alcohol. 

Benzoyl  Chloride,  C«IP-C0C1.— This  body  is  also  formrf 
by  the  action  (»f  phosphorus  i>entachloride  on  benzoic  acid  on 
dry  benzoate.  it  is  a  colorless,  highly-refractive  liquid,  having 
a  peculiar,  irritating  odor.  It  boils  at  190°.  Water  decom- 
poses it  into  benzoic  and  hydrochloric  acids. 

C'HX).C1  +  H^O  ==  C^H^O.OH  +  HCl 

Ammonia  converts  it  into  bonzamide. 

C'H^.OCl  +  NH»  =  C'H*O.NH«  +  Ha 

Bciizanilde. 

Benzoyl  chloride  may  exchange  its  chlorine  for  other  de- 
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meiits.  When  it  is  distilled  witb  potuaam  iodide,  potuNam 
oMoride  and  benzoyl  iodide  are  formed.     Liebig  ana  Wobler, 

who  discovered  these  important  reactions,  prepared  in  the 
same  manner,  by  double  decompoBition,  benEoyl  aulpbide  and 
benzoyl  cyanide.  These  experiments  are  celebrated  ;  they 
were  the  Hlarting-point  of  the  benzoyl  Iheary,  which  marked 
an  important  progress  in  the  development  of  the  theory  of 
radicals.  The  following  formnlae  indicate  the  principal  benioyl 
oombinations : 

C'H'O.H      bcDioyl  hjdride  (oil  of  bittar  Klmands). 

CH>0.C1       b«nta;I  ehloridB. 

CHKl.I        benzoyl  iodide. 

(CH»0)IS    beniojl  >ulphide. 

CH'O.OH   bBDiovl  hjdnte  (bonioio  acid). 

CH'O.NH'  iMMunide. 

BENZOIC    ACID. 
CHH)'  =  C"U»-CO'H 

FreparatioiL — This  acid  may  be  obtained  from  gum  benEoin. 
That  resin  is  placed  in  a  flat  dish  over  the  t«p  of  which  a  iiheet 
of  tissue-paper,  or  light  filter-paper  is  glued  (Fig.  131).  This 
diaphragm  t'urms  the  base  of  a  paper  cone  which  is  then  placed 
orer  the  dish,  which  is  moderately  heated  on  a  sand-bath  for 
Bereral  hours.  At  the 
end  of  that  time,  the 
whole  is  allowed  to 
cool,  and  the  benzoic 
acid  ia  found  in  light, 
brilliant,  crystalline 
flakes  on  the  sides  of 
the  cone,  and  on  the 
di^hrajnn. 

The  Denzoin  resin 
may  also  be  powdered 
and  digested  with  milk 
«)f  lime  for  twenty-  _;  - 
four  hours  ;  it  is  tUm 
heated  to  ebullition 
and  filtered.  Hydro- 
chloric   acid    preeipi- 

lates  benzoic  acid  from  the  filtered  liquid,  which  contains  cal' 
«inm  benioate. 
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In  GermaDy,  large  qiuDtities  of  beoioio  acid  are  pre|Munad 
by  boiling  the  urine  of  nones  and  oows  with  hydrochloric  acid. 
The  hipporic  acid  which  these  urines  contain  is  thus  decom- 
posed into  benzoic  acid  and  glycoool.  The  benzoic  acid  crys- 
tallizes on  cooling,  and  is  punfied  by  sublimation. 

PropertieB. — Benzoic  acid  crystallizes  in  needles,  or  in  thin, 
brUliant  plates.  It  has  an  aromatic  odor,  and  a  slightly  add 
taste.     It  melts  at  121'',  and  boils  at  250''. 

It  dissolves  in  607  parts  of  water  at  0^,  and  in  about  12 
parts  of  boiling  water.  When  boiled  with  a  quantity  of  water 
insufficient  to  dissolve  it,  it  melts.  It  volatilizes  with  the  vapor 
of  water.  It  dissolves  readily  in  alcohol  and  in  ether.  When  its 
vapor  is  passed  over  red-hot  pumice-stone,  contained  in  a  porce< 
lain  tube,  it  is  decomposed  into  carbonic  anhydride  and  benzene. 

When  heated  with  phosphorus  pentachloride,  it  yields  ben- 
zoyl chloride. 

C41X).01I  +  PCP  =  POCP  +  HCl  +  C^H»0.C1 

Benzamide,  e*H*-CO.NH».— This  body  is  formed  by  the 
action  uf  ammonia  gas  on  benzoyl  chloride. 

C^IPCO.Cl  +  2NH'  =  NH*C1  +  C*ff-CO.NH« 

It  is  also  formed  by  the  action  of  ammonia  on  ethyl  benzoate 

C«H*-C().OC'iP  +  NH»  =  CW.OR  +  C»H»-CO.NH« 

Etbyl  liL'iizuate.  Alcohol.  Benzamide. 

It  occurs  in  brilliant,  colorless,  oblique  rhombic  crystals, 
fusible  at  128°,  and  can  be  sublimed  without  decomposition. 
It  is  soluble  in  hot  water  and  in  alcohol. 

Benzoic   Acetone,  Benzophenone,  or  Diphenyl-ketone* 
C"H>"0  :-:  rIi*-CO-0•H^— This  body  is  formed,  together 
with  benzene,  in  the  destructive  distillation  of  calcium  benzoat^:^ 
(Chancel). 

Ca(C«II^-CO^)«      =      CaCO»      +       (C'H»)TO 

Calcium  iK'nziMte.  Diphenyl-ketone. 

It  forms  large,  colorless,  or  slightly  yellow,  right  rhomhL  ^' 
prisms,  fusible  at  48-40°,  and  boils  at  295°.  It  is  insoluble? 
in  wator,  hut  very  soluble  in  alcohol. 

Friedel  and  Oafts  obtained  it  by  treating  benzene  with  chloro- 
carbonic  gas  in  presence  of  aluminium  chloride. 

2C*H*  +  COCP  =  21iCl  -H  (C*H*)«CO 
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HIPPURIC  ACID. 

CO.OH 

One  of  the  most  important  of  the  henzoic  derivatives  is  hip- 
puric  acid.  Its  relations  with  the  henzoic  series  are  manifested 
by  its  decomposition  by  hydrochloric  acid  into  benzoic  acid  and 
glycocol. 

(?H»NO»     +     ffO     =     C'H'^NO'      +       C^H«0« 

Hippuric  acid.  Glycocol.  Benxoic  add. 

Rouelle,  Fourcroy,  and  Vauquelin  discovered  this  acid  in 
the  urine  of  the  horse,  but  confounded  it  with  benzoic  acid. 
Its  true  nature  was  recognized  by  Liehig  in  1830.  Dessaignes 
has  made  its  synthesis  by  the  reaction  of  benzoyl  chloride  on 
the  zinc  compound  of  glycocol. 

CffNO'  +  (rHH).Cl  =  C*H*(C'H*0)NO*  +  HCl 

Glycocol.  Benzoyl  chloride.  Hippuric  acid. 

Hippuric  acid  is  obtained  from  the  urine  of  horses  and  cows 
by  mixing  the  urine  with  2  or  3  times  its  volume  of  concen- 
trated hydrochloric  acid.  The  hippuric  acid  separates  in  col- 
ored crystals. 

When  properly  purified,  it  crystallizes  in  long,  colorless 
prisms,  but  slightly  soluble  in  cold  water,  very  soluble  in  boil- 
ing water  and  in  alcohol.  When  heated  in  a  retort,  it  decom- 
poses and  yields  a  sublimate  of  benzoic  %cid.  At  the  same 
time  a  certain  quantity  of  an  oily  body  having  a  disagreeable 
odor  distils:  it  is  phenyl  cyanide,  or  benzonitrUe,  CN.C*H*. 


SALICYL  ALDEHYDE,   OR  SALICYL  HYDRIDE. 

C»H«0«  =  C«H*(OH).CHO 

This  compound,  which  is  isomeric  with  benzoic  acid,  exists 
naturally  in  the  essential  oil  of  the  meadow-sweet  {Spirsea  ul- 
marid),  Piria  obtained  it  by  oxidizing  salicin  by  potassium 
dichromate  and  sulphuric  acid  (page  642). 

It  is  also  formed  by  the  action  of  chloroform  on  phenol  in 
presence  of  sodium  hydrate  (page  671). 

It  is  a  colorless,  highly  refracting  liquid,  and  boils  at  196.5°. 
Its  density  at  13.5°  is  1.173.      Its  odor  is  pleasant  and  its 
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taste  burniDg.  It  is  quite  soluble  in  water,  and  dissolves  in 
alcobol  and  ether  in  all  proportions.  It  has  an  add  reaction. 
It  produces  a  yiolet  color  with  ferric  chloride.  Oxidixug 
agents  convert  it  into  salicylic  add. 

By  the  action  of  fused  potassium  hydrate,  it  is  likewise 
transformed  into  salicylic  acid,  with  disengagement  of  hydrogen. 

C'H«(y     +     KOH     =    K(?HW    +     H* 

Salicyl  aldehyde.  Potaalam  salicyUta. 

Saligenin. — In  presence  of  sodium  amalgam  and  water, 
salioyl  aldehyde  fixes  H'  and  is  converted  into  saligenin  (Reincke 
and  Beilstein). 

C^flW     +     H*    =    CUHy 

Salicyl  aldehyde.  Saligenin. 

The  latter  body  is  also  formed,  according  to  Piria,  by  the 
decomposition  of  salicin  by  ferments  and  acids  (page  642).  It 
crystallizes  in  tables  having  a  pearly  lustre,  or  in  small,  brilliuDt 
needles.  It  may  be  made  synthetically  by  the  action  of  methy- 
lene chloride  on  sodium  phenate  (Greene). 

C«H5.0H     ^    CIPCl*    -f     2NaOII  =  C«H*<2{|,  q^  +  2NaCl  +  H«0 

Phenol.  Methylene  Saligenin. 

cliluride. 

SALICYLIC    (ORTHOXYBENZOIC)    ACID. 

Q7HeO»  =  C«H*(OH).CO*H 

Formation  and  Preparation. — This  body  was  discovered 
by  Piria,  who  obtained  it,  in  1889,  by  fusing  salicyl  aldehyde 
with  potassium  hydrate. 

CH^C^  +  KOH  =:  KC'H*0'  +  H« 

Oil  of  meadow-sweet  eontains  it  naturally,  together  with 
salicyl  al(lehy<le.  The  t'ssential  oil  of  Gaultheria  prffcumbcn* 
(winter-,u;re(Mi )  is  methyl  salicylate  (Cahours),  that  is,  sali- 
cylic acid,  in  which  the  atom  of  basic  hydrogen  is  replaced  by 
methyl. 

Salicylic  acid  is  ordinarily  prepared  by  boiling  oil  of  winter- 
green  with  caustic  potassa  as  long  as  methyl  alcohol  is  dis- 
eiigaircd.  Pota.ssiam  .salicylate  is  formed,  and  is  afterwards 
decomposed  by  an  excess  of  hydrochloric  acid.  The  salicylic 
acid  separates,  and  is  purified  by  recrystallization  from  boiling 
water. 
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Kolbe  and  Laatemann  formed  salicylic  acid  by  synthesis  by 
[>aa8ing  carbon  dioxide  into  phenol  in  which  scklium  was  dis- 
lolved.     Sodinm  salicylate  is  thus  formed. 

C»H».OH    +     CO.O    =    C«H*(OH) 

CO.OH 

Phenol.  SallcyUc  acid. 

Kolbe  has  recently  improved  this  process.  Indeed,  salicylic 
tcid  is  formed  by  simply  passing  dry  carbon  dioxide  over 
K>dium  phenate  at  a  temperature  of  180°.  The  temperature 
is  finally  raised  to  250°,  and  the  product  of  the  reaction,  freed 
from  an  excess  of  phenol  by  distillation,  constitutes  sodium- 
salicylate  of  sodium. 

2C»H*.0Na  -f  C0»  =  C'H^.OH  +   CW  {  ^^^ 

Sodium  phenate.  Phenol.  Sodium-ealicylate  of  eodiuni. 

The  mass  is  exhausted  with  water,  and  the  solution  is  treated 
with  hydrochloric  acid,  which  sets  free  the  salicylic  acid. 

This  process  permits  of  the  rapid  and  economical  manu- 
&ctare  of  large  quantities  of  salicylic  acid. 

Ptopexties. — Salicylic  acid  crystallizes  from  its  alcoholic 
solution  in  large,  quadrilateral  prisms,  and  from  its  aqueous 
solution  in  long  needles.  It  melts  at  156°.  When  mixed  with 
pumice-stone  and  rapidly  distilled,  it  breaks  up  into  carbon 
dioxide  and  phenol. 

CrH«0»  =  CO''  +  CRH) 

It  is  very  soluble  in  alcohol  and  ether,  and  in  boiling  water, 
but  cold  water  scarcely  dissolves  it.  Its  aqueous  solution  pro- 
duces a  deep  violet  color  with  the  ferric  salts. 

When  salicylic  acid  is  treated  with  nitric  acid,  it  is  converted 
into  two  isomeric  nitrogcnized  acids ;  both  are  nitroscdicylic 
adds,  C^H»(NO;)0^ 

a-nitrosalicylic  acid  crystallizes  in  long,  colorless  needles, 
which  are  anhydrous  and  melt  at  228°  ;  they  are  very  slightly 
soluble  in  cold  water.  It  produces  a  blood-red  color  with  ferric 
chloride. 

/5— nitrosalicylic  acid  crystallizes  in  long,  colorless  needles, 
containing  one  molecule  of  water  of  crystallization.  When 
heated,  it  loses  this  water  and  melts  at  144—145°.  It  is  slightly 
soluble  in  cold  water.  Its  solution  also  produces  a  blood-red 
color  with  ferric  chloride.     This  acid  is  also  formed  when 
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iDdigo  18  long  boiled  with  nitric  add.  It  was  formerij  called 
indigotic  acid. 

Salicylic  acid  poaseeaea  antiaeptic  propertiea  like  phenol, 
without  presenting  the  same  inconveniences  as  the  latter  as 
regards  odor  and  causticity. 

Methyl  Salicylate,  (7H*tCH»)0».— Cahours  first  recognised 
the  oil  of  Gaultherta,  known  as  essence  of  winter-green,  to  be 
methyl  salicylate.  When  purified,  this  body  forms  a  colorless 
oil,  having  a  pleasant  odor.  It  boils  at  223.7^.  Its  density  at 
0^  is  1.1969.  Like  the  phenols,  it  has  the  characters  of  a 
weak  acid.  When  a  concentrated  solution  of  potassium  hy- 
drate is  added  to  methyl  salicylate,  a  precipitate  of  potassium 
gaultherate  is  formed.  Cahours  discovered  the  existence  of  an 
isomeride  of  methyl  salicylate.  It  is  methylsalicylic  acid.  The 
following  formulsB  indicate  the  constitutions  of  these  bodies : 

C«H<.OH        C«H*.OH        C«H*.0K        C«lI<.0Cn»        C*H*.0GH» 

ho.on        i^o.ocii*      co.ocH*     co.oh  io.ocH» 

Salicylic  acid.         Methyl  Putamiiim       MethylMllcyllc  Methyl 

salicylate.       ganltherate  acid.  methylialicylate. 

METOXYBENZOIC  AND  PAROXYBENZOIC  ACIDS. 

These  two  acids  arc  isomeric  with  salicylic  acid. 

Metozybenzoio  acid  is  formed  under  various  circumstances ; 
especially  whcu  metachloro-benzoic  acid,  a  chloro-derivative  of 
benzoic  acid,  b  heated  with  potassium  hydrate. 

C'H^CIO'  +  2K0H  =  (rH=^(OK)0»  +  KCl  +  H»0 

It  is  an  anhydrous,  crystalline  powder,  consisting  of  small, 
square  tables.  Sometimes  it  is  in  mammillated  crystals.  It  melu 
at  200°,  and  can  be  distilled  without  alteration.  It  is  only 
sli<^htly  soluble  in  cold  water,  but  dissolves  more  readily  in  boil- 
ing water. 

Parozybenzoio  Acid  is  formed  under  rather  remarkable  cir- 
cumstances.   We  have  already  seen  that  in  presence  of  sodium  ,. 
phenol  fixes  carbon  dioxide,  forming  sodium  salicylate.   If  the  so- 
dium bo  replaced  by  potassium,  the  same  reaction  produces  potas — 
sium  paroxybenzoute.    The  same  salt  is  formed  when  potassiun:^ 
phenate  is  heated  to  210  or  220^  in  a  current  of  carbon  dioxide   9 
below  150°,  only  potassium  salicylate  is  formed. 

Paroxybeiizoic  acid  crystallizes  in  transparent,  oblique  rhona.  ^ 
bic  prisms,  containing  one  molecule  of  water  of  cryatallizatiois « 
When  anhvdrous,  it  melts  at  210^,  and  is  partially  deoompo06«3 
into  phenol  and  carbon  dioxide.     It  is  much  more  soluble  Lc 
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water  and  aloobol  than  salicylio  acid.     Its  aqaeoos  eolation 
does  not  produce  a  violet  color  with  ferric  chloride. 

ANISIC  ALDEHYDE  AND  ACID. 

Anirio  Compounds. — When  the  oils  of  anise,  of  fennel,  or 
of  tarragon  are  heated  with  nitric  acid,  they  are  converted  into 
a  colorless  oil,  having  a  spicy  odor,  and  boiling  at  248^.  This 
is  anisic  aldehyde,  C^HH)*.  By  a  uk  re  complete  oxidation, 
thb  aldehyde  is  converted  into  anisic  acid^  C^HH)*.  The  latter 
crystallizes  from  hot  water  in  long  needles,  and  from  alcohol  in 
rhomboidal  prisms.  It  melts  at  185^,  and  distils  without  de- 
composition at  about  280°.  When  heated  with  barium  oxide, 
it  is  decomposed  into  carbon  dioxide  and  anisol  (page  671). 
Anisic  aldehyde  and  acid  present  very  simple  relations  of  com- 
position with  paroxybenzoic  acid. 

Anisic  aldehyde  is  methylparoxyhenzoic  aldehyde,  and  anisic 
acid  is  methylparoxyhenzoic  acid. 

osiM^OH  r«u4^0CH«  P5„^^0CH» 

^^'  <CO.OH  ^^<CO.OH  ^^  <CHO 

ParozybeDBoio  acid.  Methylparoxy benzoic.  Methyl  paroxybenBoic, 

or  anisic  acid.  or  aninic  aldehyde. 

TYROSINE. 

C»H"NO» 

This  body  seems  to  be  related  to  the  preceding  compounds. 
It  may  be  regarded  as  amidopropionic  acid  in  which  one  atom 
of  hydrogen  is  replaced  by  the  group  C*H*.OH  (paroxyphenyl) 
as  it  exists  in  paroxybenzoic  acid. 

C«H*  C»H*(NH«)  C»H3(C«H*.0H)(NH«) 

6o«H  CO«H  CO«H 

Propionic  acid.    Amidopropionic  add.  Oxyphenyl-amidopropionic 

acid  (tyrosine). 

Tyrosine  is  the  product  of  the  decomposition  of  many  nitro- 
genized  matters  in  the  animal  economy.  It  may  be  prepared 
by  boiling  for  sixteen  hours  1  part  of  horn  shavings  with  2 
parts  of  sulphuric  acid  diluted  with  4  times  its  volume  of  water. 
The  liquid  is  then  neutralized  with  milk  of  lime,  filtered,  the 
filtrate  evaporated  to  half  its  volume,  acidified  with  sulphuric 
acid,  and  treated  with  an  excess  of  lead  carbonate. 

The  solution,  which  contains  the  tyrosine  as  lead  salt,  is  de- 
composed by  hydrogen  sulphide,  filtered,  and  evaporated.  The 
tyrosine  crystallizes  out,  and  may  be  purified  by  several  crystal- 
lisations.     The  mother-liquors  contain  leucine. 


702  KLBMBNTS  OF  MODBRN  CHSMISTBT. 

Tyrosine  crystallises  in  long,  odorless  needles,  often  onited 
in  tufts.  It  is  but  slightly  soluble  in  water  and  in  oold  aloohol, 
more  soluble  in  hot  alcohol,  and  insoluble  in  ether.  It  forms 
definite  compounds  with  both  adds  and  bases.  When  fused 
with  potassium  hydrate,  it  breaks  up  into  parozybensoic  and 
acetic  acids,  and  ammonia. 

Tyrosine  may  be  recognized  by  the  following  reaction. 
When  its  aqueous  solution  is  boiled  with  a  solution  of  mer- 
curic nitrate,  as  neutral  as  possible,  a  voluminous  yellow  precip- 
itate is  formed,  which  assumes  a  deep  copper-red  color  by 
boiling  with  nitric  acid  containing  a  small  quantity  of  nitrous 
acid. 

GALLIC  ACID. 

CTH«0*  =  C«H«(On)»  -  CO.OH 

This  acid  is  closely  related  to  salicylic  acid.  It  is  dioxysali- 
cylic  acid,  and  Laut<^mann  obtained  it  by  treating  di-iodosali- 
cylic  acid  with  alkalies. 

C'HTO^     +     2K0H    =    2KI     +     CBUORYG' 

Di-iodoealicylic  acid.  Gallic  acid. 

We  have  already  seen  that  gallic  acid  is  a  product  of  the 
decomposition  of  tannic  acid.  It  is  prepared  by  exposing 
coarscly-j)owderod  and  moistened  nut-galls  to  the  air,  renewing 
the  water  as  it  evaporates.  At  the  end  of  two  or  three  months 
a  black  liquid  Ls  separated  from  the  mass  by  strong  pressure, 
and  the  solid  residue  is  exhausted  with  boiling  water.  Gallic 
acid  crystallizes  out  on  the  cooling  of  the  filtered  liquid.  It  is 
purified  by  several  crystallizations  in  boiling  water. 

Gallic  acid  forms  long,  silky  needles,  which  contain  one 
molecule  of  wat^T  of  crystallization.  It  has  no  odor  ;  its  taste 
is  a.stringent  and  slightly  acid.  When  heated  to  100°,  it  loses 
carbon  dioxide  and  is  converted  into  a  body  which  sublimes 
in  brilliant  white  laminas.  This  is  pyrogalloly  or  pyrogallic 
acid,  and  is  employed  in  photography. 

(JT|py5        ^        CQ2        J^         C«H\OH)» 

GhIIIc  acid.  Pyrogallol. 

It  is  a  phenol,  three  atoms  of  hydrogen  of  benzene  being  re- 
placed by  three  hydroxy  1  groups. 

Gallic  acid  dissolves  in  100  parts  of  cold  water,  and  in  3 
parts  of  boihng  water.  It  is  very  soluble  in  alcohol,  less  soluble 
in  ether.     Its  solution  gradually  absorbs  oxygen  when  exposed 
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to  the  air,  and  at  the  same  time  becomes  colored  and  disengages 
carbon  dioxide. 

If  a  recently  boiled  solution  of  gallic  acid  be  passed  up  into 
a  tube  filled  with  mercury  and  containing  no  air,  and  some 
recently  boiled  baryta-water  be  then  added,  a  white  precij)itate 
is  formed  which  at  once  changes  to  blue,  if  a  few  bubbles  of 
oxygen  be  introduced.  The  change  of  color  is  the  indication 
of  an  oxidation  of  the  gallic  acid,  favored  in  this  case  by  the 
presence  of  the  alkali. 

XYLENES   AND   DERIVATIVES. 

C«llio_.t6H*(CH3)2 

That  portion  of  coal-tar  which  boils  between  186  and  139° 

contains  a  mixture  of  isomeric  hydrocarbons,  which  is  desig- 

CH' 
nated  as  xylene.     It  is  dimethylbenzene,  C*H^<CpTTs?^"^^^" 

exist  in  three  different  isomeric  modifications,  like  all  of  the 
di-substituted  derivatives  of  benzene. 

Metaxyleiie^  which  boils  at  137°,  predominates  in  the  mixture 
of  xylenes  which  is  obtained  from  coal-tar.  When  oxidized  by 
chomic  acid,  it  is  converted  into  isophthalic  acid,  C*H*(CO'H)'. 

Orthoxylene  is  a  colorless  liquid,  boiling  at  140-141°.  Ni- 
tric acid  oxidizes  it  to  orthotoluic  acid. 

Paraxylene  is  solid,  and  crystallizes  in  oblique  rhombic 
prisms,  fusible  at  15°.  It  boils  at  136-137°.  Dilute  nitric 
acid  converts  it  into  paratoluic  acid.  Chromic  acid  oxidizes  it 
to  teraphthalic  acid. 

There  are  very  many  derivatives  allied  to  these  isomeric 
xylenes.  One  or  more  atoms  of  hydrogen  may  be  replaced, 
either  in  the  benzene  nucleus  or  in  the  methyl  chains,  by  chlo- 
rine, bromine,  or  by  groups  such  as  OH,  NO^  NH^,  etc.  The 
methyl  chains  may  be  oxidized  by  boiling  the  xylenes  with  nitric 
or  cluromic  acid,  as  indicated  above.  In  this  case  the  group 
CH*  is  replaced  by  the  carboxyl  group  CO. OH,  and  the  hy- 
drocarbons, C*H*(CIP)^,  arc  converted  into  either  toluic  acids 
or  phthalic  acids,  of  each  of  which  there  are  three  Lsomeridcs. 

c.H«<^g:  cn.<^i'on  c.i.<^o.oH 

XyleoM.  Toluiu  ncids.  Phthalic  ncidd. 

We  cannot  describe  all  of  these  bodi(^s  here,  but  must  limit 
ourselves  to  a  brief  description  of  phthalic  acid  and  its  Lsomer- 
ides. 
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PHTHALIG    ACIDS. 
C«H«0«  =  C»H«(CO.OH)» 

Ordinarv,  or  Orthophihalio  Acid. — Laurent  obtained  this 
acid  by  boiling  napbtbalene  for  a  lone  time  with  nitric  acid.  It 
crystallizes  in  brilliant  scales,  or  in  short,  thick  prisms,  which 
are  but  slightly  soluble  in  cold  water,  very  soluble  in  hot  water, 
alcohol,  and  ether.  It  melts  at  213^,  and  loses  the  elements 
of  water  at  a  higher  temperature,  being  converted  into  phthalic 
anhydride. 

0'H'<CO:OH    =    HK)    +     C«H»<00>0 

Phthalic  acid.  Phthalic  anh jdrida. 

Phthalic  anhydride  crystallizes  in  long,  brilliant  prisms, 
fusible  at  1 27-1 28"^.  It  boils  at  277"^.  It  possesses  a  remarka- 
ble property,  which  was  discovered  by  A.  Baeyer,  and  which  is 
now  applied  practically  in  the  arts.  When  heated  with  the 
phenols,  it  combines  with  them  directly  with  elimination  of  the 
elements  of  water,  and  compounds  are  obtained  which  are 
designated  as  phthaleins. 

Thus,  when  phthalic  anhydride  is  heated  with  ordinary 
phenol,  two  molecules  of  phenol  combine  with  one  molecule 
of  phthalic  anhydride,  with  elimination  of  one  molecule  of 
water,  and  the  phthalein  of  phenol  is  obtained. 

^"<C0>^      ^      C«I15.0H  ^"  <CO-C«H*.OH     +    "^ 

Phthalic  anhydride.         2  mol.  plieuoL  Phthalein  of  pheDOl. 

When  rosorcin  is  heated  with  phthalic  anhydride,  two  mol- 
ecules of  water  arc  eliminated,  and  a  body  is  obtained  to  which 
Baeyer  has  given  the  nsLme  Jluorescein, 

PO— f"*H'  OH 

^   ^  ^CO-C«H«.OH 

Phthalic  anhydride.  2  mol.  reaorcin.  Flnoreaceio. 

Fluoresc(;in  forms  orange-red,  crystalline  grains,  insoluble  in 
cold  water,  and  but  slightly  soluble  in  boiling  water.  It  dis- 
solves rcadilv  in  solutions  of  the  alkalies  and  alkaline  carbonates. 

e" 

Its  dilute  .solutions  are  yellow,  and  have  a  magnificent  green 
fluorescence.     Hence  the  name  fluorescein. 

Tetrahromo-flnorescein,  C*H®Br*0*,  Ls  employed  in  dyeing 
under  the  name  eosin.  It  communicates  to  silk  a  beautiiiil 
rose-red  tint. 

Teraphthalic  Acid  (paraphthalic). — Cailliot  obtained  this 
body  by  submitting  oil  of  turpentine  to  a  long  ebullition  with 
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dilute  nitric  acid.  The  same  acid  is  formed  bv  the  oxidation 
of  paraxylol  and  iU  derivatives  by  potassium  dichromate  and 
sulphuric  acid.  It  is  a  white  powder,  almost  insoluble  in  water, 
alcohol,  and  ether.  It  sublimes  without  melting  and  without 
decomposition. 

Isophthalio  Acid  (metaphthalic)  is  formed  by  the  oxidation 
of  metaxylene.  Long,  thin,  colorless  crystals,  slightly  soluble  in 
water,  soluble  in  alcohol,  and  fusible  above  300°.  It  may  be 
sublimed  without  decomposition. 

TRIMETHYL-BENZENES  AND  ISOMERIDES. 

The  hydrocarbons  C'H"  may  be  derived  from  benzene  by  the 
substitution :  1,  of  three  methyl  groups  for  three  atoms  of 
hydrogen ;  2,  ot*  a  methyl  and  ethyl  group  for  two  atoms  of 
hydrogen ;  3,  of  a  propyl  or  isopropyl  group  for  one  atom  of 
hydrc^en. 

Their  constitutions  are  then  thus  expressed : 

(?H»(CH»y  ^•H*<^^\  C«H»-C»ff 

Trimethylbensenes.       Methyl-«thyl  beuzeoee.    Propyl  and  itopropyl  benseoes. 

Trimethylbenzenes. — Only  two  are  known. 

/CH'C) 
Mexitylene^  C*H'^-CH'('),  the  symmetrical  trimethylbenzene, 

^CH»(») 
is  obtained  by  distilling  acetone  with  an  equal  measure  of  sul- 
phuric acid  diluted  with  half  its  volume  of  water :  the  reaction 
is  moderated  by  adding  sand  to  the  mixture. 

Mesitylene  is  a  liquid  having  a  pleasant  odor,  and  boiling  at 
163°.  When  boiled  with  dilute  nitric  acid  it  b  oxidized,  and 
forms  successively  three  acids,  in  which  one,  two,  or  all  of  the 
methyl  groups  are  converted  into  carboxyl. 

/CH'C)  yCH»  /CH»  /CO.OH 

(?HVCH»(')  (?H»^CH»       (?H»^CO.OH  C-HVCO.OH 

^CH'C)         ^CO.OH         ^CO.OH  ^CO.OH 

Medtylene.  Medtyleoic  add.  Hesidio  Trimeeic  acid. 

or  uridic  acid. 


/CHC) 


P^eudocwfMne^  C*H'r— CH(*),  exists,  together  with  mesity- 

\CH(*) 

lene,  in  coal-tar,  but  cannot  be  separated  by  fractional  distillation. 
It  is  obtained  synthetically  by  treating  a  mixture  of  bromo- 
paraxylene  and  methyl  iodide  with  sodium.     It  boils  at  166°. 
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Oerhurdt  and  Gahoun  oy  diatilling  emaiDie  add  with  lime. 
C»H*<^QH  =  C0»  +  C>HM?H» 

CaminioMld.  OosMBtu 

Its  syntheBifl  has  been  made  by  the  action  of  iac^NTopyl  iodide 
on  benzene,  in  presence  of  aluminiam  chloride. 

(?H*  +  CH*-CHI-Ce»  =  HI  +  (?HMJH<^ 

It  18  a  colorless  liqoid,  boiling  at  151^. 

CTMENE  AND  ITS  DERIVATIVES. 

Cymene,  which  is  a  prodact  of  the  dehydration  of  camphor, 
is  methylpropylbensene.  Its  srothesiB  is  made  by  the  ae^ 
of  sodium  on  a  mixtore  of  parabromotolnene  and  propyl  iodide. 

It  exists  naturally  in  the  essential  oil  of  C^mwnvm  Ammwm, 

which  contains  also  cuminol,  or  cuminic  aldehyde,  C*B*<^rinA- 

Together  with  thymol,  it  exists  in  oil  of  thyme.  It  may  be  best 
prepared  by  distilling  laurel  camphor  with  phosphoms  penta- 
chloride. 

Cymene  is  a  liquid  of  an  agreeable  odor ;  density  at  0^,  0.872. 
It  boils  at  175-176°. 

THYMOL,  OR  THYMECAMPHOR. 

This  compound,  which  is  a  phenol,  presents  certain  analogies 
to  the  camphors  (page  662).  Thymol  and  its  isomeride,  ettr- 
vacrolj  are  related  to  cymene,  being  oxycymenes. 

Cymene.  Tbjmo]. 

Thymol  exists,  with  cymene  and  thymene  (C^H"*),  in  oil  of 
thyme  (  Thymus  serpyllum)  and  in  the  essential  oils  of  Ptycho- 
tis  ajoioan  and  Monarda  punctata.  It  is  prepared  by  treating 
these  oils  with  potassium  hydrate  solution,  separating  the  in- 
soluble hydrocarbons,  and  precipitating  the  aJkaline  solntioo 
with  hydrochloric  acid. 

Thymol  crystallises  in  large  colorless  plates,  fnsible  at  44^, 
and  boiling  at  230^.     It  possesses  antiseptic  properties. 
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UNSATURATED  AROMATIC  COM- 
POUNDS. 

The  benzene  deriyatives  so  far  considered  are  formed  by  the 
replacement  of  the  hydrogen  of  benzene  by  saturated  groups. 
There  are,  however,  compounds  which  contain  unsaturated 
groups,  and  which  can  so  combine  directly  with  chlorine,  bro- 
mine, or  hydrogen.  Among  these  we  will  describe  only  styro- 
lene  and  the  cinnamio  compounds. 

STYROLENE,  OR  PHENYL-ETHYLENE. 
C8H«  =  C«H6-CH=CHa 

This  compound,  which  may  be  considered  as  ethylene  in 
which  one  atom  of  hydrogen  is  replaced  by  phenyl  (C*H*), 
exists  in  storax,  the  thickened  juice  of  the  bark  of  Liquid- 
ambar  orientale  It  b  extracted  by  passing  steam  through  this 
balsam,  fused  under  boiling  water;  the  styrolene  is  carried  over 
with  the  steam.  It  is  also  formed  when  cinnamic  acid  is  heated 
with  lime ;  for  this  reason  it  has  been  sometimes  called  cmna- 
mene. 

It  is  a  colorless,  mobile,  strongly-refracting  liquid,  having  an 
agreeable  odor.  The  styrolene  obtained  from  storax  is  optically 
active,  a  property  which  appears  due  to  some  impurity,  for  the 
hydrocarbon  obtained  artificially  is  inactive.  Its  density  at  0° 
is  0.925,  and  it  boils  at  145°.  When  long  kept,  it  becomes 
polymerized,  and  more  rapidly  if  heated,  into  metastyrolene,  a 
transparent,  amorphous  mass,  which  is  reconverted  into  styro- 
lene when  distilled. 

Styrolene,  being  unsaturated,  can  combine  directly  with  chlo- 
rine and  bromine.  The  bromide,  C^H^Br*,  crystallizes  in  needles 
or  plates,  fusible  at  69°.  When  heated  with  hydriodic  acid, 
styrolene  is  converted  into  ethylbenzene. 

(?fl»-CH=CH«  +  2HI  =  C«fl»-CH»-CH»  -f  P 

CINNAMIC   ALDEHYDE. 

C»H80  =  C«HS-CH=CH-CHO 

Oinnamio  aldehyde  exists  in  the  essential  oils  of  cinnamon 
and  cassia.  It  is  formed  during  the  distillation  of  a  mixture 
of  cinnamate  and  formate  of  barium,  by  a  reaction  similar  to 
that  whioh  yields  the  fatty  aldehydes  under  the  same  conditions. 
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It  18  made  sjDtheticaHj  by  pasdiig  hydrocUorio  add  gas  into  a 
mixture  of  ordinary  aldehyde  and  benioic  aldehyde. 

C«HM3H0  +  CH«-CHO  i-  O^HiuCH-CH-CHO  +  H«0 
Bvnaoic  aldehyde     Aldehyde.  Ohuiamle  akMijde. 

Cinnamic  aldehyde  is  a  oolorleaa  oil,  heavier  than  water.  It 
has  an  aromatic  odor.  When  exposed  to  the  air  it  becomes 
oxidised  into  ciunamic  acid.  It  forms  a  orystallisable  componnd 
with  sodium  acid  sulphite,  a  property  whidL  permits  of  its  ready 
separation  from  oil  of  cinnamon. 

CINNAMIC  ALCOHOL. 

C«H»K)  =  C«H6-CH=CH-CH«.0H 

Sfyrcu^riy  which  may  be  extracted  from  storax,  is  a  einnamyl 
dnnamate,  a  compound  of  cinnamic  acid  and  cinnamic  alcohol, 
and  may  be  readily  saponified  by  potassium  hydrate. 

C»H^O«.C*fl»  +  KOH  =  C"eWK  +  C»H».OH 

Cinnamic  alcohol  crystallizes  in  brilliant  needles,  soluble  in 
alcohol,  and  slightly  soluble  in  water.  It  melts  at  33°,  and 
distils  without  chauge  at  250°. 

CINNAMIC  OR  PHENYLACRYLIC  ACID. 
C»H80«  =  C«H6-CH=rCH-C0.0H 

This  acid  exists  in  Tolu  and  Peruvian  balsams,  in  storax, 
and  in  certain  gum  benzoins.  It  is  formed  by  the  careful 
oxidation  of  cinnamic  alcohol  or  aldehyde,  and  has  also  been 
obtained  by  two  interesting  syntheses. 

1.  One  of  the  bromine  derivatives  of  styrolene  b  treated 
with  sodium,  and  carbon  dioxide. 

C«Hft-CH=CHBr  +  CO*  +  Na«  =  C«H6-Cn=CH-C0.0Na  +  N»Br 

2.  Benzoic  aldehyde  and  acetic  anhydride  are  heated  with 
diy  sodium  acetate,  which  acts  as  a  dehydrating  agent. 

2C«H6-CHO  +  oHsIcO^^  =-  H«0  +  2C«Hft-CHr^CH-C0.0H 
Benzoic  aldehyde.    Acetic  anhydride.  Cinnamio  add. 

The  latter  reaction,  discovered  by  Perdrin,  can  be  applied  to 
the  synthesis  of  other  aromatic  acids. 

Cinnamic  acid  is  colorless  and  odorless.  It  crystallizes  from 
hot  water  in  fine  needles,  and  from  alcohol  in  large  prisms.  It 
melts  at  133°.  When  rapidly  heated,  it  distils  almost  without 
alteration  at  290°.     When  distilled  with  lime,  or  heated  to 
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200^  with  water,  it  is  deoomposed,  yielding  styrolene  and  carbon 
dioxide. 

C»H80«  =.  C0«  +  C8H8 

By  fiiaion  with  potassium  hydrate  it  is  converted  into  acetic 
and  bensoic  adds. 

OiH»-CH«CH-CO.OH  +  2K0H  =-  C«Hft-CO.OK  +  CH»-CO.OK  +  H« 

Concentrated  nitric  acid  converts  it  into  two  isomeric  nttro- 
cinnamie  cunds,  CH^(NO')0' ;  orthonitrocinnamic  acid,  fusible 
at  232^,  and  paranitrocinnamic  acid,  fusible  at  265^. 

Cinnamic  acid  can  fix  directly  two  atoms  of  chlorine,  bromine, 
or  hydrogen,  so  forming  saturated  compounds.  Sodium  amal- 
gam converts  it  into  hydrocinnamic  or  phenylpropxonic  acid, 
(?fl*-CH«-CH«-CO.OH,  a  compound  crystallizing  in  fine, 
colorless  needles,  fusible  at  47.5°,  and  boiling  at  280°.  The 
following  formula  will  show  the  relations  between  acrylic  and 
propionic  acids,  on  one  hand,  and  on  the  other  those  between 
dnnamic  and  hydrocinnamic  acids. 

CH*=:CH-C0.0  a  CH*-CH«-CO.OH 

Aeiylie  acid.  Propionic  acid. 

CH(CH'')=CH-CO.OH        CH'(CH»)-CH'-CO.OH 

GInoamic  acid.  Hydrocinnamic  acid. 

(Phenylacrjrlic.)  (Phenylpruptonic.) 

The  cinnamates  resemble  the  benzoates.  Ferric  chloride 
produces  a  yellow  precipitate  in  their  solutions. 

INDIGO. 

Indigo  is  obtained  from  different  species  of  the  genus  Indi- 
gofera.  The  pastel,  or  woad  {hatis  tinctorid)^  also  furnishes  a 
coloring  matter  identical  with  indigo. 

In  India,  indigo  is  prepared  by  macerating  the  stems  and 
leaves  of  the  indigofera,  collected  at  the  time  of  flowering,  with 
water,  in  vats  where  they  arc  allowed  to  ferment.  In  12  or 
15  hours  the  liquid  is  drawn  off  into  other  vats,  where  it  is 
agitated  so  as  to  bring  it  in  contact  with  the  air,  an  opera- 
tion which  occasions  the  formation  of  a  blue  precipitate.  The 
brown  liquor  is  then  drawn  off,  and  the  deposit  is  boiled  in 
copper  vessels ;  it  is  then  pressed  between  cloths  and  cut  into 
cubical  pieces  and  dried.  In  this  form  the  indigo  is  delivered 
to  commerce. 

Indigo  is  not  contained  ready  formed  in  the  plants  which 

00 
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■erve  for  its  mannfiuAiure.  Sohiinok  eoiMideiB  thai  Umm  jduti 
ooDtain  a  aabstanoe  anatogoas  to  the  g^noondaa,  mdUeamt  whkli 
18  deoompoaed  by  fenaeotataon  into  indigo  and  imdoybiem, 

The  indigo  of  commerce  contains  from  50  to  90  per  eent  of 
coloring  matter.  It  generally  oocora  m  im^olar  mannm,  flome- 
times  cubical,  of  which  the  shade  varies  ftom  violet-Uiie  to 
blackish-blue.  The  most  esteemed  varietiee  present  a  brilliant 
coppery  reflection. 

Pure  indigo  is  called  indigotine.  It  may  be  obtained  by 
heatins  the  indigo  of  commerce  in  a  current  of  hydrogen,  or 
by  subliming  it  in  small  quantities  between  two  watch-glasBes 
(Ghevreul).  It  then  forms  right  rhombic  prisms  having  fi>iir 
or  six  faces.  Indigotine  is  insoluble  in  water,  in  cold  alcohol, 
and  in  ether.  Boiling  alcohol  and  oil  of  turpentine  dissolve  it . 
to  a  slight  extent.  When  careftdly  heated,  and  in  small  qam- 
tity,  it  volatilizes,  and  its  vapor  density  corresponds  to  the 
formula  C"H«»N*0*. 

Concentrated,  or  better,  fuming  sulphuric  acid  dissolves  in- 
digo at  50  or  60^,  forming  a  beautiful  blue  solution,  which 
contains  two  acids,  siUphindigotic  acid,  C*H*NO.SO*H,  and 
mlphopurpuric  acid,  C^'H^N^O^SCH.  The  solution  of  indigo 
in  Hulphuric  acid  is  used  in  dyeing;  it  is  prepared  by  dissolving 
inditro  in  a  hot  mixture  of  fuming  and  ordinary  sulphuric  acid& 
The  blue  solution  thus  obt^iinod  is  known  as  sulphate  of  indigo, 
Saxon  bhic,  or  composition  blue. 

Boiling  dihite  nitric  acid  converts  indigo  into  isatin.  The 
concentrated  acid  converts  it  first  into  nitrosalicylic  acid,  (711* 
(N0")0',  and  then  into  picric  acid. 

When  heated  with  potassium  hydrate,  indigo  is  converted 
into  anthraniUc  acid,  C'H*(NrP)0*,  or  into  salicylic  acid, 
which  is  formed  at  the  expense  of  the  anthranilic  acid. 

C^H\NH»)0^     +     KOH    =    KCPHW    +     NH' 

Anthranilic  acid.  PotaMiam  aalicjlate. 

When  indigo  is  distilled  with  potassium  hydrate,  aniline 
passes  over,  being  formed  at  the  expense  of  the  anthranilic  acid 
first  formed. 

CTH^NO'    =    CW    +     CffX 

AnUiraaUic  add.  Aoilioe. 

^  Synthesis  of  indi^. — Various  reactions  have  recently  been 
discovered  which  are  applicable  to  the  synthesis  of  indigo. 
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Must  ut'  thoiu   are   due   tu    ihe    i.  >rai\'lii'>  ol    i>;u'\t.r.      \\  e  ran 
coDsider  them  only  summarily. 

1.  Isatin  chloride,  which  will  be  described  farther  on,  when 
dissolved  in  acetic  acid  and  treated  with  zinc  dust  yields  a 
oolorieas  liquid,  which,  when  exposed  to  the  air,  assumes  a 
blue  color,  and  deposits  crystals  of  indigotine.  Ammonium 
solphydrate  effeota  the  reduction  more  rapidly  than  zinc  and 
acetic  acid  (Baeyer  and  Emmerling). 

2.  There  exists  normally  in  human  urine  a  compound  which 
may  also  be  prepared  artificially,  indoxyhulphate  of  potassium. 
When  it  is  heated  in  the  air,  or  treated  with  feeble  oxidizing 
agents,  it  is  converted  into  indigo  (Baumann  and  Tiemann). 

Potassium  iodoxylsulphate,  (?H*NO.SO'K,  is  a  derivative 
of  ifuiaxylj  (?fl*(OH)N,  and  the  conversion  of  the  latter  into 
indigo  is  represented  in  the  equation, 

2(?H«(0H)N  +  0»  =  C»«H'0N*O*  +  2H»0 

Indoxyl.  iDdigo. 

3.  By  the  action  of  ozone,  indol  (page  7 1 4)  yields  indigo 
(Nencki). 

4.  Baeyer  has  more  recently  made  a  new  synthesis  of  indigo 

from  orthonitrobenzoic  aldehyde,  C*H*<j^q,  ^y .  This  com- 
pound reacts  with  acetone,  in  presence  of  sodium  hydrate,  form- 
ing a  compound,  C^^H'NO",  which  contains  the  elements  of 
acetone  and  orthobenzoic  aldehyde,  less  one  molecule  of  water. 

CrH»(NO«)0    +     CH«0    =    C^'^H'CNOOO    +     H»0 

Ortbobensoic  aldehyde.  Acetone.         Acetonic  derivative  of  ortho- 

beuzoic  uhlehyde. 

An  excess  of  sodium  hydrate  converts  this  last  body  into 
acetic  acid  and  indigo. 

2C'°H»N(>»  =  C"H»°N^O*  +  2C^H*0» 

Baeyer's  researches  indicate  that  the  molecular  structure  of 
indigo  is  expressed  by  the  following  formula : 

(?H*-CO  CO-C«H* 

nk t^C— NH 

White  Indigo.  C'«H"N'0*.— This  body,  which  was  discov- 
ered by  Chevreul  in  1812,  results  from  the  action  of  nascent 
hydrogen  on  indigo.  It  is  produced  when  the  latter  substance 
is  submitted  to  the  action  of  alkaline  solutions  in  presence  of 
reducing  matters,  such  as  sulphurous  or  phosphorous  acid, 
hydrogen  sulphide,  iron,  zinc,  or  ferrous  or  stannous  hydrate. 
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White  indigo  is  oidinarilj  prepared  by  intarodndng  a  mix- 
ture of  indigo,  ferrous  sulphate,  slaked  lime,  and  water  into  a 
vessel,  which  should  be  entirelj  filled  with  the  mixture  and 
then  hermetically  sealed  and  allowed  to  stand  for  two  days.  A 
dear,  alkaline  solution  is  thus  obtained,  which  is  decanted,  and 
supersaturated  with  hydrochloric  acid,  out  of  contact  with  the 
air.  A  deposit  of  white  indigo  is  formed,  and  must  be  collected 
on  a  filter,  rapidly  washed  with  boiled  water,  and  dried  in  a 
vacuum. 

The  body  thus  obtained  has  a  dirty-white  color,  and  is  with- 
out either  taste  or  smell.  It  is  insoluble  in  water,  but  dissolves 
with  a  yellow  color  in  alcohol,  ether,  and  alkaline  solutions. 
On  contact  with  air  it  absorbs  oxygen,  and  is  converted  into 
blue  indigo.  Nitric  acid  rapidly  brings  about  thb  transformation. 

TTses. — Indigo  is  largely  used  in  dyeing.  The  principle  of 
its  application  depends  on  the  conversion  of  the  blue  indigo  into 
white  indigo  by  reducing  agents.  The  reduced  white  indigo 
is  soluble  in  alkaline  solutions  and  in  this  form  is  fixed  on  the 
fabrics,  after  which  it  is  reconverted  into  blue  indigo  by  ex- 
posure to  the  air.  The  mixture  just  indicated  for  the  prepara- 
tion of  white  indigo  (ferrous  sulphate,  indigo,  lime,  and  water) 
is  most  frequently  employed.  It  constitutes  what  is  known  as 
the  vitriol  vat. 

Schiitzenberger  and  de  Lalande  have  recently  described  a 
proccs8  of  dyeing  with  indigo,  based  on  the  employment  of 
sodium  hydrosulphite. 

ISATIN. 
C«H5N0»  =  C«H*<^^^COH 

This  body  was  discovered  by  Erdmann  and  Laurent  in  1841. 
It  is  a  product  of  the  oxidation  of  indigo  by  dilute  nitric  acid. 

C^IPNO     +     0    =^     C^H^NO* 

Pure  inatin  crystallizes  sometimes  in  large,  dark,  gold- 
colored  prisms,  sometimes  in  small,  reddish-yellow  prisms 
having  a  brilliant  lustre.  It  is  only  slightly  soluble  in  cold 
water  and  in  ether,  but  more  soluble  in  boiling  water,  and  veiy 
soluble  in  alcobol.  Its  solutions  are  brown-red.  As  it  contains 
an  acetonic  group,  CO,  isatin  forms,  like  other  acetones,  a  crys- 
tallizable  compound  with  sodium  acid  sulphite.  When  distilled 
with  potassa,  it  yields  aniline. 
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(?e»N(y  +  4K0H  =  2K*C0*  +  C^H^N  +  H» 

iMtin.  Aniline. 

It  dissolves  in  solutions  of  the  alkaline  hydrates,  forming 
▼iolet  solutions,  which  become  yellow  when  boiled,  the  isatin 
being  converted  into  iscUic  acid. 

(?»H*iNO»  +  H'O  =  CH^NO* 

laUin.  iMUcacid. 

Synthesis. — Among  various  methods  by  which  isatin  may  be 
prepared  synthetically,  the  following,  discovered  by  Baeyer,  is 
most  interesting : 

OrthonitrobenzoyI  chloride  is  converted  into  a  cyanide,  which, 
by  hydration,  yields  orthonitrobensKoyl-carbonic  acid.  By  reduc- 
tion of  the  latter,  the  corresponding  amide,  isatio  acid,  is  ob- 
tained, and  this  is  converted  into  isatin  by  dehydration. 

r«H4^^^-^H(*)    rtm^CO.Cl  reif4^C0.CN    p,„4^C0-C0.0H 

^**  <N0»(»)        ^"  <N0«  ^"  <N02        ^"  <N0« 

Ortbonitrobenioic    Ortliynltrobensojl  Orthonitrol»enzoyl     Orthonitrobenioyl 
add.                       chloride.  cyanide.  carbonic  add. 

laaUcadd.  ^  ^  laatin. 

By  the  action  of  chlorine,  isatin  yields  substitution 'products. 
These  latter  break  up,  like  isatin  itself,  by  the  action  of  potas- 
sium hydrate,  yielding  chloranilines  (Hofmann). 

C»H*C1N0'  -f  4K0H  =  2K«C0»  +  C«H«C1N  +  H« 

Monochloriaatin.  Honor.hloraniline. 

When  isatin  is  heated  with  phosphorus  pcntachloride,  in  pres- 
ence of  benzene,  isatin  chloride  is  obtained.  This  may  serve,  as 
has  been  seen,  for  the  synthesis  of  indigo. 

C«H*<^\C0H  +  PC1*=-  C«H*<^>CC1  +  P0C18  +  HQ 
Intin.  Isatin  chloride. 

Products  of  the  Seduction  of  Isatin. — To  isatin  are  re- 
lated certain  products  of  its  reduction,  which  are  interesting 
and  which  have  been  studied  by  Knop  and  Baeyer.     They  are 

Dioxindol   C8H'N0«; 
Oxindol       C8H'N0 ; 
Indol  C8H7N. 

Isatio  acid,  which  has  been  mentioned,  may  be  considered  as 
trioxindol,  C'H^NO'.  Dioxindol  and  oxindol  are  formed  suc- 
cessively by  the  action  of  sodium  amalgam  on  an  aqueous  solu- 
tion of  isatin. 

(?H»N(y     +     H»    =     C«H^NO» 

Isatin.  Dioxindol. 

(?H»N(y    +     H*    =    C^H'NO    +     WO 

XMoxindol.  Oxindol. 
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INDOL. 

By  redaciog  oxiDdoI  by  nno  powder  with  the  aid  of  heat, 
Baeyer  obtained  indol. 

C'H^NO     +     Zn    =    (?H^N     +     ZnO 

OzlndoL  Indol. 

He  has  also  made  the  syDtheais  of  indol  by  heating  ortho- 
nitrocinnamic  acid  with  potassium  hydrate  and  iron  filings. 

Orthonitrocinoamie  acid.  Indol. 

This  reaction  is  a  proof  of  the  constitution  of  indol  and  its 
derivatives. 

Properties, — Indol  is  a  solid,  crystallizing  in  brilliant  colorless 
plates.  It  melts  at  52^,  and  boils  with  partial  decomposition 
at  245°.  Its  vapor  is  carried  over  by  vapor  of  water.  Its 
odor  recalls  that  of  naphtjlamine.  It  dissolves  readily  in  boiling 
water  and  in  alcohol  and  ether.     It  has  basic  properties. 

Indol  is  formed  normally  during  the  pancreatic  digestion  by 
the  breaking  up  of  albuminoid  matters.  There  exists  in  human 
excrements  a  compound  quite  analogous  to  indol,  called  skatol. 
It  appears  to  contain  C*H'N,  and  is  probably  a  homologue  of 
indol. 

NAPHTHALENE. 

C»oH8 

This  important  compound  waa  discovered  by  Garden  in  1820, 
in  coal-tar.  lUs  composition  waa  determined  by  Faraday,  and 
its  properties  and  transformations  were  principally  studied  by 
Laurent. 

It  is  a  frequent  product  of  the  dry  distillation  of  organic 
matters,  and  is  formed  in  abundance  when  these  matters,  or 
the  products  of  their  decomposition,  arc  heated  to  high  tem- 
peratures. Thus  it  is  formed  in  large  quantities  when  tar  is 
passed  throutrh  red-hot  tubes. 

Naphthalene  is  extracted  from  coal-tar,  and  is  purified  by 
crystallization  in  alcohol,  or  ])y  sublimatiim. 

Properties. — Naphthalene  occurs  in  rhombic  tables  when  it 
has  been  sublimed,  and  is  deposited  in  prisms  from  its  ethereal 
solution.     It  melts  at  79.2°,  and  boils  at  218°.     It  is  inflam- 
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maUe,  and  burns  with  a  very  smoky  flame.  It  is  insolable  in 
water,  slightly  soluble  io  oold  alcohol,  freely  soluble  in  boiling 
alcohol,  and  very  soluble  in  ether. 

By  its  general  properties  naphthalene  is  closely  related  to 
benxol,  reagents  affect  it  in  a  similar  manner,  and  its  reactions 
give  rise  to  numerous  isomerides.  Its  constitution,  according 
to  Kekul^,  Lb  given  on  page  655. 

Nitric  acid  attacks  naphthalene,  forming  nitro- derivatives, 
among  which  is  nitrtMiaphtfudene^  C^^H^NO*),  which  crystal- 
lizes in  sulphur-yellow,  rhombic  prisms,  fusible  at  48°.  By 
long  boiling  with  nitric  acid,  naphthalene  is  converted  into 
phthalic  acid,  nitrophthalic  acid,  and  oxalic  acid. 

Chlorine  acts  on  naphthalene  in  two  ways :  it  combines  di- 
rectly, forming  chlorides  of  naphthalene,  and  produces  numerous 
substitution  products  which  generally  combine  with  an  excess 
of  chlorine. 

Bromine  yields  only  substitution  compounds  with  naphtha- 
lene. 

Among  all  these  products,  we  may  mention  the  following : 


C*H*C1*        naphthalene  dichloride.        C'^IFCI    monoohloronaphthalene. 
C>*H*C1*         naphthalene  tetrachloride.  C^^^H^Ol'  dichloronaphtbalene. 
CiO|i«ci>CH  diobloronaphthaleno  tetra-  Ciojisci'  trichloronaphthalene. 

chloride. 
Cfi^PCI'        perohloionf4)hthalene    di-  C^^Cl^      percbloronapbthalone. 

ehloride. 

Concentrated  sulphuric  acid  dissolves  naphthalene,  forming 
two  acids : 

NaphtylBolpharous  acid,       C»»I1'.S0»H 
NaphtyldlBttlphurous  acid,  C*®II*  j  gQsji 

The  formation  of  the  first  of  these  acids  is  expressed  in  the 
following  equation : 

lf^>httialene.  Kiiphtylsulphuruus  add. 

Each  of  these  acids  exists  in  two  isomeric  modifications. 

NAPHTOLS. 

These  bodies  are  formed  artificially  by  treating  naphthalene 
with  sulphuric  acid,  and  fusing  the  naphtylsulphurous  acids 
so  obtained  with  potassium  hydrate  (see  page  669). 

C*ff.SO»K     +     KOH    =:    K^SO»    +     C«»H\OH 

Fotaaiiim  naphtylsnlphite.  Napbtola. 
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opiiapbtol  forms  silky  needles  or  huniim,  soliiMe  in  slodhol, 
ether,  and  beniene,  almost  imKriuUe  in  oold  water,  sligfatlj 
soluble  in  boiling  water.  It  meits  at  9t^,  and  boib  at  278- 
280^.  Ito  aqueous  solution  {irodnees  a  ^olet  color  with 
chloride  of  lime.  When  treated  with  reagents,  it  fbmiB 
derivatives  analogous  to  th  jee  of  phenoL 

/9-naphtol  is  prepared  from  sodium  iS-nqihtolsulphite.  It 
oystalliies  in  small  rhombic  taUes,  fturiUe  at  122^,  and  boilB 
at  285-290<>. 

NAPHTTLAMINB8. 

Zinin  obtained  this  base  in  1842  by  redudjig  nitaronaphtha- 
lene  by  ammonium  sulphydrate,  which  may  be  advantageously 
replaced  by  iron  and  acetic  add. 

(?«H^(NO*)    +    3H»    =    2HH)    +    (?*ff(Nff) 

MitroDftphthaleoe.  Naphtyluilo*. 

It  forms  fine,  colorless  needles.  It  sublimes  at  a  gentle  heat, 
melts  at  50°,  and  boils  without  alteration  at  300°.  It  has  a 
fetid  odor.  Its  reaction  is  not  alkaline,  although  it  perfectly 
neutralizes  the  acids,  with  which  it  forms  well-defined  and 
crystallizable  salts.  When  exposed  to  the  air,  the  salts  of 
naphtylamine  acquire  a  violet  color,  probably  due  to  an  absorp- 
tion of  oxygen. 

The  a-naphtylamine,  which  has  been  described,  is  isomeric 
with  /?•  naphtylamine,  which  crystalliies  in  pearly  needles,  fusible 
at  112°. 

ANTHRACENE  AND  PHENANTHRENB. 

Anthracene,  which  is  solid,  exists  in  the  less  volatile  pro- 
ducts of  the  distillation  of  coal-tar.  It  is  obtained  from  the 
last  products  of  this  operation.  The  mass,  which  has  a  buttery 
consistence,  is  squeezed  in  a  filter-press,  and  the  residue  is  sub- 
mitted to  repeated  distillations ;  it  is  finally  purified  by  com- 
pression and  several  crystallizations  in  benzene. 

Anthracene  may  be  formed  artificially  by  several  processes, 
especially  by  passing  the  vapor  of  toluene  and  various  deriva- 
tives of  that  body  through  a  tube  heated  to  bright  redness. 
Under  these  conditions,  two  molecules  of  toluene  lose  six  atoms 
of  hydrogen,  and  are  converted  into  anthracene. 
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C«H*-CH»  .^  C«H*=OH 

C«H*-CH»  C8H*=CH 

S  mol.  toluene.  Anthncene. 

In  the  pure  state,  anthracene  forms  rhombic  tables,  derived 
from  an  oblique  rhombic  prism.  The  crystals  are  colorless, 
and  present  a  magnificent  blue  fluorescence  (Fritzsche).  They 
melt  at  213^,  and  distil  without  alteration  at  about  360^. 

By  the  action  of  oxidizing  agents,  such  as  chromic  acid,  an- 
thracene is  converted  into  a  solid  body,  which  crystallizes  in 
beautiM  yellow  needles,  ^ible  at  273°,  and  which  can  be 
sublimed  without  alteration.  It  is  arUhraqwinoTie,  C"HK)',  a 
body  which  bears  the  same  relations  to  anthracene  as  quinone 
to  benzene. 

Benxene.  Anthracene. 

(?H*0'  C^*HW 

Qninone.  Anthraqnlnone. 

The  oonstitntion  of  anthraquinone  is  expressed  by  the  formula 

C*H*<^g>C*H* 

By  treating  anthraquinone  with  bromine,  Graebe  and  Lieber- 
mann  converted  it  into  dibromanthraquinone,  C**H*Br*0^,  a 
solid  body,  which  crystallizes  in  yellow  needles. 

Phenanthrene. — Besides  anthracene,  there  is  another  hydro- 
carbon of  the  same  composition,  which  exists  in  coal-tar,  and 
may  also  be  formed  artificially.  It  is  called  phenanthrene,  and 
forms  colorless  scales,  having  a  bluish  fluorescence.  It  melts 
at  100°,  and  boils  at  340°.  It  is  soluble  in  50  parts  of  alco- 
hol at  13° ;  very  soluble  in  hot  alcohol,  and  in  ether  and 
benzene. 

ItB  ooDStitntion  is  expressed  by  the  formula 

(?H*  —  CH 
6h*  —  CH 

ALIZARIN. 
C"H80<  =  Ci*H«(OH)»0« 

Hatnral  State  and  S3rnthe8i8. — Alizarin  is  the  name  applied 
i,o  the  coloring  matter  of  madder  which  Robiquet  was  the  first 
to  extract  in  a  pure  state.  Graebe  and  Liebermann  have  re- 
cently made  its  synthesis  by  heating  dibromanthraquinone  to 
200°  with  potassium  hydrate. 
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CH'Sr-O'  +  2K0H  = 

DUiromuUhnquiDOD^. 

This  reaction,  slightlj  modified,  hH«  become  vithin  a  few 
years  the  base  of  an  important  industry. 

Alizarin  does  not  cueist  ready  formed  ta  the  madder  pUot. 
The  latter  eontains  a  glucoside  to  which  Robiquet  haa  given 
the  name  nibeiyihric  acid,  and  which  is  deoompoeed  by  the 
action  of  acids  into  alizarin  and  glucose. 

C"H'»0"     +     2H'0    =     CH-K)'     +     2CH'H)' 

BDberjrlbrlc  •ni.  AUbtId.  OIduh. 

PreparatioiL — Alizarin  may  be  extracted  from  madder  hy 
boiling  the  latttr  with  a.  solution  of  alum.  The  filtered  liquid, 
left  to  itself  for  some  days,  deposits  impure  alisarin  as  a  brown- 
red  predpitate,  and  holds  in  solution  another  coloring  matter 
which  ia  called  parpurin. 

The  precipitated  alizarin  is  purified  by  washing  with  dilute 
hydrochloric  acid,  and  crystallization  in  alcohol.  The  product 
thus  obtained  is  ejchausted  with  a  boiling  eolutiou  of  alum, 
which  removes  the  piirpurin,  and  is  finally  dissolved  in  ether, 
which  deposits  it  in  (Tystals. 

To  prepare  artificiul  alizarin  from  anthracene,  that  hydro- 
carbon is  first  trnniifornicd  into  anthraquinonc,  and  the  latter 
body  is  treated  with  sulphuric  acid  to  convert  it  into  disulpbo- 
anthraquiiionic  acid,  which  is  then  heated  with  an  excess  of 
potassium  hydrate. 
C'H'CSO'KyO'  +  2K0H  =  C"H'(OH)H>'  +  2K'80' 

POInoiUBl  AUiulD. 

dlintpliHinth  ni]  ul  nannt  <^. 

The  alkaline  mass  is  dissolved  in  water,  precipitat«d  hy  hy- 
drochloric add,  and  the  prceifiitnte  purified  by  crystallisatioD 
in  nlcohot  and  finally  hy  sublimation. 

The  artificial  pniduct  is  delivered  to  commerce  in  the  form 
of  a  paste,  but  the  reaction  by  which  it  is  formed  produces,  at 
the  same  time,  isomcrides  which  remain  mixed  with  the  aliii- 
rin,  i)ropt'rly  so  ciillcil.  Eifjht  isomeric  compounds  are  known 
having  the  CLmposilion  C'H'O'.  One  of  them,  purpuroxan- 
thin,  is  conlaineil  in  small  quantity  in  madder. 

Properties  of  Alizarin — Alizarin  forms  long,  brillianl. 
oraufrc-yclluw  prinmn.  It  is  Hwirccly  soluble  in  cold  wat*r,  boi 
dissolves  better  in  boiling  water,  and  is  nlnble  in  alcohol, 
ether,  and  carbon-disulphide.  It  melts  between  27&  and  277°, 
and  sublimes  in  long,  orange-yellow  needles.    Il  disaolTfls  In  nib 
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phuric  acid  with  a  blood-red  color,  and  water  precipitates  it 
without  alteration  firom  this  solution.  Boiling  dilute  nitric 
acid  converts  it  into  oxalic  and  phthalic  acids.  When  alizarin 
is  heated  to  redness  with  zinc  powder,  it  is  reduced  to  anthra- 
cene (Graebe  and  Liebermann). 

Alizarin  forms  combinations  with  the  bases ;  it  dissolves  in 
ammonia,  with  a  purple  color,  and  in  the  caustic  alkalies,  yield- 
ing purple  solutions  which  have  a  blue  reflection. 

Uses. — Alizarin  produces  a  red  color  on  fabrics  that  are  mor- 
danted with  alumina,  and  a  violet  on  those  which  are  mor- 
danted with  ferric  oxide.  It  is  the  coloring  principle  of  madder 
and  of  the  commercial  product  known  as  gnniru:in.  The  latter 
product  is  obtained  by  heating  powdfered  madder  with  sulphu- 
ric acid  to  100°,  and  exhausting  the  mass  with  water.  The 
residue  is  garancio. 

PURPURIN. 

Ci*H«(OH)»0« 

This  name  is  given  to  another  coloring  matter  which  may  bo 
extracted  from  madder,  and  which  has  already  been  mentioned. 
It  appears  to  exist  in  the  plant  its  a  glucoside.  It  dissolves 
readily  in  alcohol  and  ether,  with  a  red  color. 

It  crystallizes  from  weak  alcohc^l  in  orange-colored  needles, 
which  contain  one  molecule  of  water  of  crystallization.  From 
concentrated  alcohol,  it  deposits  in  rod,  anhydrous  needles. 
When  heated,  it  melts  and  sublimes  in  red  needles.  With 
aluminium  mordants,  it  gives  scarlet-red  shades. 

Purpurin  is  an  oxyalizarin,  or  a  trioxyanthra<|uinone,  C"H* 
(0H)*0* :  indeed,  it  may  be  obtained  by  treating  a  solution  of 
alizarin  in  concentrated  sulphuric  acid  with  an  oxidizing  agent, 
such  as  manganese  dioxide  (do  Lalande).  Inversely,  the  reduc- 
tion of  purpurin  reproduces  alizarin  (Rosenstichlj.  It  under- 
goes a  complete  reduction,  and  is  converted  into  anthracene, 
when  heated  with  zinc-dust. 

Independently  of  the  purpurin  just  described,  there  are  three 
other  oompounds  isomeric  with  it. 


NATURAL  ALKALOIDS. 

The  alkaloids  are  nitrogen ized  substances  capable  of  uniting 
with  the  acids,  like  ammonia,  and  forming  with  them  definite 
combinations  which  constitute  true  salts.      A  large  number 
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of  these  oompouncb  can  be  formed  artificially,  and  are  derived 
directly  from  ammonia  by  the  substitution  of  organic  radicals 
for  the  hydrogen  of  that  body.  They  are  the  compound,  or 
substituted  ammonias,  and  their  constitutions  are  perfectly 
known.  This  is  not,  however,  the  case  with  the  natural  alka- 
loids, which  have  been  discovered  in  many  plants  and  vege- 
table products,  and  which  often  constitute  the  active  principles 
to  which  these  products  owe  their  medicinal  virtues.  By  anal- 
ogy, it  may  be  inferred  that  these  bodies  also  are  derived  from 
ammonia,  like  the  compound  ammonias. 

In  1806,  the  basic  nature  of  one  of  the  crystallizable  princi- 
ples of  opium  was  discovered  by  Sertiimer,  but  his  discovery 
was  unnoticed  until  1817,  when  he  pubhshed  it  in  a  treatise 
on  morphine.  Among  the  more  important  discoveries  in  this 
class  of  compounds  must  be  mentioned  those  of  strychine, 
brucine,  and  especially  quinine,  discoveries  which  are  due  to 
Pelletier  and  Caventou  (1820). 

All  of  the  alkaloids  contain  nitrogen.  They  are  divided  into 
two  classes,  the  first  of  which  includes  the  liquid  and  volatile 
bases,  and  the  second  the  solids.  The  latter  generally  ci>ntain 
oxygen,  the  former  do  not.  The  alkaloids  possess  one  charac- 
teristic property  which  indicates  their  analogy  with  ammonia. 
With  platinic  chloride  their  hydrochlorides  form  double  salt«, 
which  are  sometimes  insoluble  in  water,  sometimes  soluble  and 
crystallizable. 

If  a  solution  of  platinic  chloride  be  poured  into  a  solution 
of  quinine  hydrochloride,  a  yellow  precipitate  is  at  once  formed ; 
it  is  a  combination  of  platinic  chloride  and  quinine  hydrochlo- 
ride, and  is  sometimes  called  quinine  chloroplatinate,  or  platino- 
chloride. 

PYRIDIC  BASES. 

From  the  oil  obtained  by  the  dry  distillation  of  animal  mat- 
ters, and  which  was  formerly  known  as  the  bone  oil  of  Dip- 
pel,  Anderson  has  extracted  a  series  of  bases  isomeric  with 
the  aromatic  amines.     Among  these  bases  are  the  following: 

Pyridine,  C5f|iN. 

Picolincs,  C^H'X,  isomeric  with  aniline. 
Luiidinog,  C^FPN,  isomeric  with  toluidine. 
Collidines,  C^IIHN,  isomeric  with  xylidines. 

Some  of  these  have  been  obtained  synthetically  by  the  action 
of  ammonia  on  certain  aldehydes.  Thus,  allylio  and  crotonic 
aldehydes  form  with  ammonia  oxidized  bases. 
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2CH«0  +  NH*  =  C»H»NO  +  HK) 

AcrulelD. 

2C*H*0  +  NH»  =  C'H^'NO  +  H»0 
By  dehydration  these  condensation  products  yield  pyridic 


(?H*NO  =  0»H'N  +  H*0 

Picoliiie. 
Collidiue. 

Baeyer  and  Ador  have  also  obuined  a  collidine  (aldehydrin) 
by  heating  aldehyde-ammonia  in  closed  vessels. 

4C»H*0  +  NH«  =  C«H"N  +  4H»0 

Collidine. 

The  first  term  of  the  series  is  pyridine.  According;  to  an 
ingenious  hypothesis  of  Korner,  this  compound  has  a  constitution 
analogous  to  that  of  benzene,  the  five  carbon  atoms  and  the  nitro- 
gen atom  forming  a  closed  chain  similar  to  the  benzene  nucleus. 

H  H 

0  0 

HO     CH  EC     GH 

HC    £h  HC    (in 

0  N 

H 
Benseneb  Pyridine. 

The  superior  homologues  of  pyridine,  such  as  picoline,  luti- 
dine,  and  collidine,  then  result  frum  the  substitution  of  one  or 
more  methyl  or  other  alcoholic  groups  for  the  hydrogen  of  pyri- 
dine. According  to  the  position  of  these  groups  with  relation 
to  the  nitrogen  atom  in  the  pyridic  chain,  isomerism  will  occur, 
precisely  analogous  to  that  which  we  have  considered  in  the 
case  of  the  aromatic  amines. 

We  cannot  extend  these  theoretical  considerations.  How- 
ever, the  pyridic  bases  and  quinoline  which  is  related  to  them, 
appear  to  take  part  in  the  constitution  of  the  natural  bases. 
Indeed,  some  of  the  latter,  such  as  cinchonine  and  brucine, 
yield  by  distillation  with  potassium  hydrate,  a  mixture  of 
pyridic  bases  and  quinoline. 

Pyridine,  C*H*N. — This  base  has  been  obtained  from  the 
animal  oil  of  Dippcl  by  Anderson,  and  from  coal-tar  by  Greville 
Williams.  Chapman  and  Smith  have  made  its  synthesis  by 
dehydrating  amy!  nitrate  with  phosphoric  anhydride. 

C*H".NO»    =    3H»0     -f     C*H*N 

Amyl  nitrate.  Pyridine. 

77  61 
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It  is  a  colorless  liquid,  hayiog  a  obaraeteristic  odor,  and  at  0° 
a  density  0.986.  It  boils  at  1 17^,  and  is  soluble  in  water  and 
alcobol.  It  is  an  energetio  base,  forming  deliquescent  salts. 
Sodium  converts  it  into  a  polymeride,  dipyridme,  O^W^N\ 


We  cannot  describe  tbe  otber  pyridic  bases :  tbey  exist  under 
several  isomeric  modifications.  Thus,  there  are  three  picolines, 
or  methyl-pyridines,  C*H*(CH')N:  two  lutidines,  dimethyl- 
pyridine,  or  a-lutidine,  C»H»(CH»)»xV,  boiling  towards  165^ 
and  ethylpyridine  or  /^-lutidine,  boiling  at  165^.  There  are 
known  at  least  two  coUidines ;  a-collidine  or  trimethyl pyridine 
(aldehydrine),  C*H\CH')N,  boils  at  175-177°,  and  /J-coUidine 
at  195°  (Oechsner  de  Coninck). 

Under  the  action  of  oxidizing  agents,  such  as  potassium 
permanganate  in  alkaline  solution,  the  pyridic  bases  behave  as 
aromatic  hydrocarbons.  The  alcoholic  lateral  chains  are  oxidized 
and  converted  into  carboxyl,  CO.OH.  Thus  methylpyridine 
(/?  picoline)  and  ethylpyridine  (/9  lutidine)  yield  the  same  mono- 
carbopyridic  acid, 

C^H*<  J^'  and  C*H*<  J^'  yield  C»H*<5^-^^ 

Methylpyridine.  Ethylpyndiue.  Monocarbopyridic  add. 

When  either  of  the  several  isomeric  modifications  of  mono- 
oarbopyridic  acid  is  distilled  with  lime,  it  is  reduced  to  pyridine. 

There  are  also  several  dicarhopyridic  acids. 

yCO.OH 
C^HVCO.OH 

QUINOLINE. 

Gerhardt  obtained  this  base  by  distilling  certain  natural 
alkaloids,  among  which  are  quinine  and  cinchonine,  with  potas- 
sium hydrate.  It  appears  identical  with  a  base  which  RuDge 
had  extracted,  several  years  previous,  from  coal-tar,  and  which 
he  named  hnicol  or  leucolme.  At  present,  quinoline  is  manu- 
factured synthetically  by  heating  a  mixture  of  nitrobenzene, 
aniline,  and  glycerin. 

3C»H80«     +    C«H6.N02     +     2C«H6.NH«    -     11H«0     +     SC^H^ 
Glycerin.  KUTob«uMti«.  kQ&\lu%,  QniooUira. 
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^QaiDoline  is  a  mobile,  colorless,  stTODf:!;  refracting  liqaid. 
tH  density  at  0°  is  1.081,  and  it  boils  at  23H°.  It  has  a  peoe- 
Lrotiujr  odnr  and  a  very  bitter  laate.  It  is  iDaulubt?  iu  water ; 
with  acids  ii  Icirms  well-deliDed  salta,  and  beljaves  as  a  tertiary 
valine.     Witli  ethyl-iodide  it  rorms  an  ethyl-iodide. 

^^PX}uiDol!ne  is  related  to  the  trae  aromntto  com[)oaDda,  and  tt   ' 

^^tke  eairie  lime  lo  the  pyridio  bases.     Its  aynthelifal  forniatian 

and  ita  reai'tioos  have  led  lo  the  fnllowing  represeiitalioa  uf  its 

conatltutioD,  which  is  that  of  DaphthaliDe  in  whioh  a  group 

OH  is  replaced  by  an  atom  oF  aitrogeo. 

H     H 

C      0 

fi6     h     iH 


a  liquid  and  volatile  ulkalciid  which  is  extracted  from  ■ 
B  hemlock  (  Conivm  maeulnhim).   The  seede  of  ibis  tree  ai 
eniahi;d  nod  distilled  with  sodium  hydrate.    Thi:  alkaline  liqui 
which  ciiltccta  in  the  receiver  is  neutralized  by  dilute  sulphu- 
ric acid,  craporat«d  to  n  aynipy  consisleuce,  and  thu  rcKidue-^ 
exhausted  wilh  a  uixtiire  of  alciihi.il  and  etiier,  which  dissolve 
the  Conine  sulphate,  and  leurei!  animoniuui  ^ulphat?.    The  alco- 
hol «nd  ether  ore  driven  out  by  evaporation ;  a  concentrated 
Mlation  of  goditun  hydrate  is  added  to  the  conine  flalphat«,  and 
Ibe  Hnuid  is  distilled.     The  limine  pussra  with  a  certain  qaan-    , 
litj  of  waltr,  ()n  whiih  it  floats.     It  is  separated,  dried  ovw 
roxao  fntg:uient8  of  i-alcium  cbloridis,  and  rcctibcd  in  a  vaeuam.  j 
Conine  ia  n  limpid,  oh«pnous  liqaid,  having  a  penetrating  | 
and  nauwating  odor,  recalling  that  of  hemlock.     It  boils  at  J 
168°.      It  is  alif^btly  soluble  in  water,  more  eo  in  cnid  than  I 
in  hilt  water,  so  that  a  cold,  saturated  solution  becomes  clouded  ' 
when  heated.     It  is  very  soluble  in  alcohol  and  in  ether. 
hfts  a  strongly  alkaline  reaction,  immediately  rcHtorin<;  (be  blue 
color  to  reddened  litmus-paper.     It  precipitates  iu&&y  Tcie.\i^vc. 
"— ^         ^irinff  of  tfcoif  Bklta.    On  coalaiA  wCb.  >3<ib  wk 
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it  becomes  brown  and  resinified.  The  density  of  oonine  at  0^ 
is  0.886 :  it  rotates  the  plane  of  polarised  light  towards  the 
right. 

Conine  is  often  mixed  with  methyloonine,  a  compound  de- 
rived from  conine  by  the  substitution  of  a  methyl  group  for 
an  atom  of  hydrogen  (Planta  and  Kekul^).  This  oompouod 
is  formed  artificially  by  the  action  of  methyl  iodide  on  conine, 
a  reaction  which  shows  that  the  latter  body  is  a  secondary  base, 

Wertheim  has  obtained  from  the  flowers  and  seeds  of  the 
hemlock  a  solid  alkaloid,  which  he  has  named  conhydrine^ 
C"H"NO,  and  which  contains  the  elements  of  conine  plus  a 
molecule  of  water. 

Hugo  Schiff  has  recently  made  the  synthesis  of  an  iaomeride 
of  conine,  which  he  calls  paraconine. 

Hofmann  assigns  to  conine  the  formula  CH^N. 

NICOTINE. 
Ci«H"N« 

This  alkaloid  exists  in  tobacco.  It  may  be  obtained  by  ex- 
hausting tobacco  with  boiling  water  and  evaporating  the  liquid 
to  a  syrupy  c^nsist^jnce  on  a  water-bath ;  the  still  hot  extract 
is  then  mixed  with  twice  its  volume  of  alcohol,  allowed  to  settle, 
and  the  alcoholic  li(|uid  separated  from  the  thick  lower  layer, 
which  contains  much  calcium  malate.  The  alcohol  is  distilled 
off,  and  the  residue  exhausted  with  strong  alcohol,  of  which 
the  greater  part  is  then  driven  off  by  evaporation.  Potassium 
hydrate  is  added  to  the  alcoholic  extract,  which  is  then  agitated 
with  ether,  which  dissolves  the  nicotine  set  free.  A  few  grammes 
of  oxalic  acid  added  to  the  ethereal  solution  causes  the  separa- 
tion of  a  syrupy  deposit  which  contains  oxalate  of  nicotine. 
This  salt  is  decomposed  by  potassa,  and  the  nicotine  set  free  is 
dissolved  out  by  ether.  Afler  the  ether  has  been  expelled  on 
a  water-bath,  the  nicotine  is  distilled  in  a  current  of  hydrogen, 
that  part  being  retained  which  passes  above  180°  (Schloesing). 

Properties. — Nicotine  is  a  colorless  liquid,  having  an  oflfen- 
sive,  penetrating  odor.  It  rotates  the  plane  of  polarization  to 
the  left.  It  boils  between  240  and  250°,  not,  however,  with- 
out undergoing  partial  decomposition.  Above  146°,  it  begins 
to  distil  slowly,  and  at  100°  it  emits  white  vapors ;  at  ordinaiy 
temperatures  it  ^vea  o%  «k^  xsinxOgl  ^q^^^t  \\^  ^  ^od  wet  with 
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hydroehlorio  acid  will  be  eoTeloped  in  white  fames  if  held  a 
little  distance  above  the  nicotine. 

Nicotine  dissolves  in  all  proportions  in  water,  alcohol,  and 
ether.  It  has  a  strongly  alkaline  reaction,  and  perfectly  neu- 
tralizes the  acids,  and  precipitates  the  metallic  oxides  from 
solutions  of  their  salts.  It  is  one  of  the  most  violent  poisons 
known.  It  is  a  diatomic  base ;  its  platino-chloride,  which 
crystallizes  in  red  prisms,  has  the  composition 

(?«H"N.(HCl)».PtCl* 

ALKALOIDS  OF  OPIUM. 

Opium  is  the  thickened  juice  of  the  capsules  of  the  white 
poppy  {Papaver  somm/erum).  It  is  obtained  by  making  in- 
cisions in  these  capsules  from  the  base  to  the  summit.  A  milky 
juice  exudes,  and  in  the  course  of  a  day  thickens  and  solidifies 
in  tears.  These  are  removed,  pressed  together,  and  fashioned 
into  variously-formed  masses. 

Opium  contains  a  number  of  alkaloids  combined  with  several 
acids.  Among  the  latter  are  a  syrupy  acid,  to  which  Ander- 
son gave  the  name  thebolactic  cund,  but  which  has  recently 
been  recognized  to  be  identical  with  lactic  acid  (Buchanan), 
and  meconic  acid,  of  which  the  composition  is  expressed  by 
the  formula  CH^O^.  The  latter  is  one  of  the  more  important 
constituents  of  opium ;  it  possesses  the  characteristic  property 
of  producing  a  blood-red  color  with  ferric  salts.  Opium  con- 
tains also  a  gummy  matter,  soluble  in  water,  and  a  brown,  in- 
soluble, resinous  matter,  which  remains  in  the  mass  when 
opium  is  exhausted  with  water.  The  aqueous  solution  of  opium 
has  a  brown  color.  The  following  alkaloids  have  been  obtained 
firom  opium : 

Morphine  C"HWN08 
Codeine  Ci8H"N08 
Tliebaine  Ci»H"NO« 
Papaverine  C«H«NO* 
Narcotine  CWHMNOT 
Narceine      C«HMx\0» 

Besides  these,  Merck  has  described  another  alkaloid  of  opium 

under  the  name  porphyroxitie  ;  but,  according  to  Hesse,  this 

body  is  a  mixture  of  several  bases,  to  which  he  has  given  the 

names  meconidine,  laudamtie,  codamine,  and  lanthopine. 

Opium  sometimes  contains  an  alkaloid  which  is  designated 

pseudomorphiney  and  which  is  oxymorphine,  C"H**NO*. 

61» 
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Independently  of  these  alkaloids,  a  neutral,  erystallisable  sab- 
stance  has  been  extracted  from  opium,  and  called  meoonine, 
Qiu||ieQ4  Qf  ^  these  bodies,  we  will  only  consider  morphine, 
codeine,  and  narcotine. 

MORPHINE. 

C"H«NO»  -f-  H«0 

Preparation. — 1.  Opium  is  cut  into  slices  and  exhausted 
with  water.  The  solution  is  evaporated  to  a  syrupy  consistenc*e 
and  the  still  hot  extract  is  mixed  with  an  excess  of  pulverized 
sodium  carbonate.  After  the  lapse  of  twenty-four  hours,  the 
precipitate  is  collected  and  exhausted  with  dilute  acetic  acid, 
which  dissolves  the  morphine  and  leaves  the  narcotine.  The 
liquid  is  filtered,  decolorized  by  animal  charcOal,  and  super- 
saturated with  ammonia.  The  morphine  is  precipitated,  and 
is  purified  by  crystallization  in  alcohol  (Merck). 

2.  One  kilogramme  of  opium  is  exhausted  with  cold  water ; 
100  grammes  of  pure  lime  are  added  to  the  liquid,  which  is 
then  evaporated  to  a  syrupy  consistence  at  a  temperature  of  65 
or  75°.  Aft^r  cooling,  the  mass  is  exhausted  with  3  litres  of 
water  which  leaves  the  meconate  of  calcium ;  the  latter  is 
separated  by  filtration.  The  liquid  is  then  evaporated  to  one- 
fourth  its  volume,  and  while  it  is  still  hot,  50  grammes  of 
calcium  chloride  dissolved  in  100  grammes  of  water  and  8 
grammes  of  hydrochloric  acid  are  added. 

This  mixture  is  left  to  itself  for  about  two  weeks,  when  it 
will  be  found  to  have  set  in  a  mass  of  crystals  which  are  bathed 
in  a  colored  mother-liquor.  The  deposit  is  pressed  in  a  cloth, 
dissolved  in  boiling  water,  with  addition  of  animal  charcoal, 
and  the  solution  filtered.  On  cooling,  a  mass  of  crystals  is 
formed,  consisting  of  a  mixture  of  morphine  hydrochloride  and 
codeine  hydrochloride.  These  are  pressed,  dissolved  in  water, 
and  ammonia  is  added,  which  precipitates  the  greater  portion  of 
the  morphine,  wliilo  the  codeine  remains  in  solution.  The 
deposit  is  collected  on  a  filter  and  redissolved  in  boiling  alcohol, 
from  which  the  morphine  crystallizes  on  cooling  (^liobertson 
and  Gregory). 

Properties. — Morphine  crystallizes  in  small,  colorless,  rigbt 
rhombic  prisms,  having  a  bitter  taste.  It  is  insoluble  in  ether, 
in  chloroform,  and  in  benzol.  The  alcoholic  solution  rotates 
the  plane  of  polarization  to  the  left.     The  crystals  contain  one 
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molecule  of  water  which  they  lose  at  100^.  Morphine  dis- 
solyes  easily  in  a  solution  of  potassium  hydrate;  it  is  very 
slightly  soluble  in  ammonia ;  almost  insoluble  in  water. 

Tests, — 1.  If  a  few  drops  of  a  solution  of  iodic  acid  be  added 
to  an  alcoholic  solution  of  morphine,  the  liquid  immediately 
assumes  a  brown  or  yellow  color,  due  to  the  liberation  of  iodine. 
Iodic  acid  exerts  an  oxidizing  action  on  morphine. 

2.  If  a  small  quantity  of  morphine  in  powder  be  added  to  a 
solution  of  ferric  chloride,  a  blue  color  is  produced.  This 
characteristic  recalls  an  analogous  reaction  bi'ought  about  by 
the  phenols,  and  leads  to  the  belief  that  morphine  contains  a 
phenolic  hydroxyl  group  (Griraaux). 

3.  Nitric  acid  produces  an  orange-red  color  with  morphine. 
The  last  two  reactions  are  characteristic. 

When  morphine  is  heated  to  200^  with  potassium  hydrate, 
it  disengages  methylamine. 

When  heated  with  zinc  dust,  it  yields  pheuanthrene,  and 
various  pyridic  and  quinolio  bases  studied  by  Oerichter  and 
Schroetter. 

Morphine  Hydrochloride. — This  salt,  of  which  the  prepara- 
tion has  already  been  indicated,  crystallizes  in  silky  needles, 
soluble  in  1  part  of  boiling  and  16  or  20  parts  of  cold  water ; 
it  is  very  soluble  in  alcohol.  The  crystals  contain  C"H*'NO*. 
HCl  +  3HK). 

Platinic  chloride  forms  a  yellow  precipitate  of  a  double  chlo- 
ride in  an  aqueous  solution  of  morphine  hydrochloride. 

(C"H»NO'.HCl)^PtCl* 

Hydrochloride  of  morphine  is  much  used  in  medicine. 

When  its  solution  is  heated  to  60°  with  silver  nitrite,  the 
base  is  oxidized  and  converted  into  oxyuiorphine,  C"H*'NO*. 

When  morphine  is  heated  to  about  140°  with  concentrated 
hydrochloric  acid,  it  ia  transformed  into  a  new  base,  apomor- 
phtne,  C"H"NO',  derived  from  morphine  by  the  removal  of 
one  molecule  of  water  (Matthiessen).  This  base  possesses 
special  therapeutic  properties.  When  administered  by  hypo- 
dermic injection  or  swallowed,  it  acts  as  an  emetic. 

CODEINE. 
C»8H«N0»  +  H^O 

Godeune  is  methylmorphine.  It  is  obtained  from  the  am- 
moniacal  mother-liquor  from  which  the  morphine  is  deposited^ 
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io  the  preparation  of  the  latter  body  by  the  process  of  Boberi- 
8on  and  Gregory.  For  this  purpose,  the  mother-liquor  is  con- 
centrated and  caustic  potassa  is  added,  which  precipitates  the 
codeine.  It  is  collected,  dissolved  in  hydrochloric  acid,  the 
solution  decolorized  with  animal  charcoal,  and  the  codeine  again 
precipitated  by  potassa.  Lastly,  the  precipitate  is  dissolved  in 
ordinary  ether,  which  deposits  the  codeine  in  voluminous  crys- 
tals by  spontaneous  evaporation. 

These  crystals  are  right  rhombic  prisms,  and  contain  one 
molecule  of  water.  Anhydrous  ether  deposits  codeine  in  anhy- 
drous rectangular  octahedra,  fusible  at  150°. 

Codeine  dissolves  in  89  parts  of  water  at  15°,  and  is  more 
soluble  in  boiling  water.  Alcohol  and  ether  dissolve  it  readily, 
and  the  alcoholic  solution  rotates  the  plane  of  polarization  to 
the  lea. 

Starting  with  the  idea  that  morphine  contains  a  phenolic 
hy<iroxyl  group,  Griniaux  conceived  that  the  solution  of 
morphine  in  potassium  hydrate  should  contain  the  compound 
C'^H^^NO'.OK :  indeed,  by  treating  this  alkaline  solution  with 
methyl  iodide,  he  obtained  codeine. 

C"H^«NO».OK  +  CH»I  =  KI  +  (?'H«NO«.OCH» 

This  reaction  certainly  demonstrates  that  codeine  is  methyl- 
morphine. 

If  bromine-water  be  poured  upon  codeine  in  fine  powder, 
the  latter  dissolves,  and  is  converted  into  bydrobromide  of 
monobrorno-codeine.  By  the  continued  addition  of  bromine- 
water,  a  yellow  precipitate  is  formed,  consisting  of  bydrobro- 
mide of  tribromo-codeine^  that  is,  codeine  in  which  three  atoms 
of  hydrogen  are  replaced  by  three  atoms  of  bromine. 

NARCOTINB. 

C«H»NO» 

Narcotine  may  be  extracted  from  the  residue  of  opium  which 
has  been  exhausted  by  water.  This  is  treated  with  hydrochloric 
acid,  filtered,  and  the  filtrate  precipitated  by  sodium  carbon- 
ate. The  prccipitutc  is  dissolved  in  alcohol^  and  the  alcoholic 
solution  decolorized  by  animal  charcoal.  The  narcotine  crys- 
tallizes out  on  cooling. 

It  ibrms  hrilliant,  culorless  prisms,  belonging  to  the  system  of 
the  right  rhombic  prism.     It  melts  at  170°.     It  is  insoluble  in 
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cold  water,  and  requires  for  its  solution  about  60  parts  of  cold 
absolute  alcobol,  or  12  parts  of  boiling  absolute  alcohol.  It  is 
soluble  in  ether,  a  character  which  distinguishes  it  from  mor- 
phine. Its  alcoholic  and  ethereal  solutions  have  a  bitter  taste, 
and  turn  the  plane  of  polarization  to  the  left. 

If  a  few  crystals  of  narcotine  in  a  watch-glass  be  moistened 
with  sulphuric  acid  containing  a  trace  of  nitric  acid,  an  intense 
blood-red  color  is  produced. 

By  the  action  of  certain  oxidizing  agents,  narcotine  is  de- 
composed into  a  new  alkaloid,  cotamine,  and  an  acid  which  is 
called  opianic  acid  (Wohler). 

0"H»NO^    +  0  =    C'^H'W    +     C»«H»NO» 

Narcotine.  Opianlc  add.  Cutarnioe. 

Cotamine  crystallises  in  colorless,  silky  needles,  grouped  in 
stars. 

When  heated  with  water,  narcotine  breaks  up  into  cotarnine 
and  mecoDine. 

C«H«NO^    =     Cm'H)*    +     C"H"NO» 

Marootine.  Meconlue.  CotarniDe. 

When  subjected  to  the  action  of  hydriodic  acid,  narcotine 
loses  successively  three  methyl  groups,  and  yields  hydriodides 
of  three  new  bases.  One  of  them  contains  C'*H"NO^  and  has 
been  designated  as  nomarcotine  or  normal  narcotine.  It  is 
formed  according  to  the  equation 

C«H«NO^    -f     SHI    =    C'»H"NO^     +     3CH»I 

Narcotine.  Nornarcotine.  Methjl  iodide. 

Hence  narcotine  itself  represents  trimethyl  -  nomarcotine^ 
C^»H"(CH»)»NO'  (Matthiessen  and  Foster). 

The  intermediate  terms  between  narcotine  and  nomarcotine 
are  also  known, 

ALKALOIDS  OF  CINCHONA. 

The  different  cinchona  barks  owe  their  febrifuge  virtues  to 
several  alkaloids,  of  which  the  more  important,  quinine  and  cin- 
chonine^  were  discovered  by  Pelletier  and  Caventou  in  1820. 
Since  then,  qmnidine  and  dnchonidine  have  been  isolated,  the 
first  isomeric  with  quinine,  the  second  with  cinchonine.  All 
of  these  are  crystallizable  alkaloids.  When  their  sulphates  are 
heated  with  sulphuric  acid,  they  are  converted  into  two  new 
isomerides,  quinicine  and  cinchonicin^.  The  latter  are  not  crys- 
taUisable. 
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HeDoe  the  fidlowing  six  alkaloids  are  known : 

Cinobonine,  oinohonidine,  oinohonieiiie     .    .    .    C*H^N*0 
Quinine,  qainidine,  qainioine CS^H^NK)* 

These  alkaloids  are  by  no  means  distributed  in  the  same 
manner  in  the  numerous  species  and  varieties  of  cinchona  bark, 
and  these  barks  are  not  equally  rich  in  alkaloids.  The  follow- 
ing summary  gives  some  indications  of  this  difference : 

oiMlnoiniii 

1  KILOORAMMK  Of  BARK  TIILD8 :  QUXNINB  BUI.rHATB.  gULVHATB. 

Yellow  bark  ( Cinchona  Cali$aya)      .    .  30-32  grammes.  S-8  grammai. 

Red  bark  ( CViicAona  «Meetr«6ra)   .     .     .  20-25        *'  S 

{Loxa  {Cinchona  condami- 

nea) S        «  6 

Haanuoo(CiiicA4>fiaiit<uia)            6        "  12        « 

Quinic  Acid. — lo  the  cinchonas,  the  alkaloids  are  combined 
with  a  well-defined,  crystal  I  izable  acid,  whose  oompodUon  is 
expressed  by  the  formula  CPH"0^     It  is  qumic  add. 

This  acid  is  obtained  from  the  calcium  quinate  which  is  de- 
posited in  a  few  days,  when  the  liquid  separs^ted  from  the  quino- 
calcium  precipitate  is  concentrated  and  allowed  to  stand  (see 
farther  on). 

This  calcium  quinate  is  purified  by  several  crystallisations, 
and  its  solution  decomposed  by  oxalic  acid.  The  quinic  acid 
remains  in  the  solution,  and  separates  in  crystals  when  the 
liquid  is  properly  concentrated. 

Quinic  acid  crystallizes  in  beautiful,  transparent,  oblique 
rhombic  prisms.  It  is  very  sdluble  in  water,  and  but  slightly 
soluble  in  absolute  alcohol.  It  melts  at  161.5°,  losing  at  the 
same  time  the  elements  of  water. 

Its  aqueous  solution  rotates  the  plane  of  polarization  to  the 
left. 

Its  composition  corresponds  to  the  formula  CTH^O*.  When 
distilled  with  a  mixture  of  sulphuric  acid  and  manganese  diox- 
ide, it  yields  quinone,  C'H^O^ 

A  substance  is  also  found  in  cinchona  bark  which  is  caUed 
quiuotnnnic  acid.  It  belongs  to  the  tannin  group,  and  is  a 
glucoside.  lilasiwctz  states  that  it  can  be  decomposed  into 
glucose  and  cinchouine  red,  a  substance  noticed  by  Pelletier  and 
Caventou  as  produced  during  the  preparation  of  quinine. 
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QUININE. 

C»H"N«02 

When  ammonia  is  added  to  a  solution  of  sulphate  of  quinine, 
a  white  precipitate  of  quinine  is  obtained,  which,  when  left  to 
iteelf  and  moistened  with  water  from  time  to  time,  becomes 
crystalline  by  combining  with  one  molecule  of  water. 

Quinine  is  very  bitter.  It  dissolves  in  2266  parts  of  cold, 
and  in  760  parts  of  boiling  water ;  in  1 .33  parts  of  cold  alco- 
hol, and  22.6  parts  of  ether  (J.  Regnauid).  It  is  also  soluble 
in  chloroform.  Its  alcoholic  solution  turns  the  plane  of  polar- 
ization to  the  left.  When  water  at  32°  is  added  to  the  hot 
alcoholic  solution  until  a  cloud  begins  to  form,  resinous  cjuinine 
is  deposited,  and  also  colorless,  prismatic  crystals  containing 
three  molecules  of  water.  From  its  ethereal  or  alcoholic  solution, 
quinine  crystallizes  in  delicate  silky  needles,  fusible  at  177°. 

Quinine  is  diacid,  that  is,  each  molecule  of  the  base  re- 
quires for  the  formation  of  saturated  salts,  two  molecules  of  a 
monobasic  or  one  of  a  dibasic  acid.  It  is  a  ternary  base,  uniting 
directly  with  the  alcoholic  iodides  to  form  quaternary  iodides. 

quinme  Sulphate,  2(C«H"NW).S(>rP  +  SE'O.— Prep- 
ration. — This  idt,  which  is  extensively  used  in  medicine,  is 
prepared  by  boiling  yellow  bark  (^Oin<:hotui  Caliaai/a)  or  red 
bark  (^Cinchona  sncciruhra)  with  water  acidulated  with  sul- 
phuric or  hydrochloric  acid.  A  slight  excess  of  milk  of  lime 
is  then  added  in  small  quantities  to  the  decoction,  and  precip- 
itates not  only  the  quinine  and  cinclionine,  but  all  of  the  color- 
ing matter  (einchonine  red),  which  forms  an  insoluble  com- 
pound with  the  lime.  The  quinic  acid  remains  in  solution  as 
calcium  quinate.  The  quino-calcium  deposit  contains  also  the 
excess  of  lime,  and  calcium  sulphate,  in  case  sulphuric  acid 
has  been  employed.  It  is  collected  on  a  cloth,  allowed  to  drain, 
pressed,  and  dried.  It  is  then  exhausted  with  boiling  alcohol, 
which  dissolves  out  the  alkaloids. 

The  alcoholic  solution,  concentrated  by  distillation,  deposits 
the  einchonine  in  crystals,  in  case  the  bark  employed  be  rich 
in  that  alkaloid.  The  m'other-liquor  retains  the  quinine.  It 
18  neutralized  by  sulphuric  acid,  and  the  alcohol  distilled  oflP. 
The  quinine  sulphate  crystallizes  in  a  mass  on  cooling,  and  is 
purified  by  redissolving  it  in  boiling  water  and  adding  animal 
charcoal. 

It  has  been  proposed  to  replace  the  alcohol,  in  the  extrao- 
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tioD  of  the  quino-calciam  deposit,  by  certain  fixed  or  Tolatile 
oils,  which  dissolve  quinine.  For  this  purpose,  petroleum  and 
the  heavy  oils  produced  by  the  distillation  of  tar,  and  which  are 
abundant  in  oommeroe,  may  be  used  with  advantage.  After 
having  dissolved  the  alkaloids  in  these  oils,  the  solutions  are 
agitated  with  dilute  sulphuric  acid,  which  removes  from  them 
the  quinine  and  cinchonine.  Sulphates  are  thus  obtained  which 
may  be  crystallized. 

Properties. — Quinine  sulphate  occurs  in  long,  thin,  light 
needles,  which  are  somewhat  flexible.  It  requires  for  its  solu- 
tion 740  parts  of  water  at  13^,  or  about  30  parts  of  boiling 
water.  The  solution  restores  the  blue  color  to  reddened  litmus- 
paper.  It  turns  the  plane  of  polarization  to  the  lefl  (Bouchar- 
dat).  When  crystallized  in  alcohol,  quinine  sulphate  contains 
only  two  molecules  of  water. 

if  some  quinine  sulphate  be  suspended  in  cold  water,  and  a 
few  drops  of  sulphuric  acid  be  added,  the  sulphate  dissolves 
and  the  liquid  acquires  a  blue  fluorescence. 

In  this  ease,  quinine  sulphate,  which  is  a  basic  salt,  is  con- 
verted into  a  salt,  C*H"N*0*.SO*H*,  which  has  an  acid  reac- 
tion, and  is  called  quinine  acid  sulphate.  This  salt  crystallizes 
in  quadrilateral  prisms  containing;  7  molecules  of  water :  it  is 
the  nnrniiil  sulphate.     A  still  more  acid  sulphate  is  known, 

If  an  excess  of  chlorine-water  be  added  to  a  solution  of 
quinine  sulphate,  and  the  liquid  be  supersaturated  with  ammo- 
nia, a  beautiful  green  color  will  be  produced. 

This  reaction  is  characteristic  of  quinine. 

When  tincture  of  iodine  is  added  to  a  solution  of  quinine 
sulphate  in  hot  acetic  acid,  in  a  few  hours  the  liquid  deposits 
large,  thin  plates.  It  is  iodoquinine  sulphate^  C**H"N'0*P. 
SO*H»  +  5H^0  (Ilerapath). 

These  crystals  appear  green  by  reflected  light,  and  are  almost 
colorless  by  transmitted  light.  When  two  of  them  are  crossed, 
the  portions  which  are  superposed  almost  entirely  intercept  the 
passage  of  light.  In  this  respect,  iodoquinine  sulphate  acts 
as  a  polarizer,  like  tourmaline. 

Uses. — Quinine  sulphate  is  a  valuable  remedy.  It  is  prin- 
cipally employed  as  a  febrifuge,  and  generally  in  the  treatment 
of  diseases  of  an  intermittent  type.  It  is  successfully  admin- 
istered in  other  diseases,  especially  in  acute  articular  rheuma- 
tism, gout,  certain  neuralgias,  etc. 
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CmCHONINE. 

C»HMN«0 

Cinclionine  is  obtained  as  an  accessory  product  in  the  manu- 
facture of  quinine.  It  deposits  from  its  alcoholic  solution  in 
brilliant,  colorless,  quadrilateral  prisms.  It  is  in^luble  in 
water,  but  soluble  in  alcohol  and  chloroform.  It  is  almost 
insoluble  in  ether,  a  property  which  distinguishes  it  from  qui- 
nine. Its  alcoholic  solution  turns  the  plane  of  polarization  to 
the  right. 

Cinchonine  has  a  bitter  taste.  It  melts  at  257^,  and  when 
cautiously  heated  in  the  bottom  of  a  closed  tube,  it  partly  sub- 
limes in  very  light,  delicate  crystals.  When  treated  witli  a 
dilute  solution  of  potassium  permanganate,  it  forms  various 
substitution  products,  and  a  new  base  remains,  less  oxidizable 
than  cinchonine.  It  is  hydrocinchonine,  Caventou  and  Willm 
consider  that  this  base  is  contained,  in  the  state  of  mixture,  in 
commercial  cinchonine. 

When  distilled  with  potassium  hydrate,  cinchonine  yields 
quinoline  and  a  mixture  of  pyridic  buses. 

Among  the  oxidation  products  obtained  by  the  action  of 
nitric  acid,  or,  better,  potassium  permanganate,  on  cinchonine, 
we  may  mention  two ;  they  are 

C'H^NO*    =    C*H»N(CO.OH)« 

CiDchomeruDic  or  dicarbopyridic  acid. 

C»^H»xNO»    =     C»H«N(COOH) 

CinchoniDic  or  carboquiiiolic  acid. 

Weidel,  who  has  studied  these  acids,  has  also  described 
another  oxidation  product  of  cinchonine,  an  acid,  C*H*N'0^ 

From  the  nature  of  its  decomposition  products,  it  is  probable 
that  cinchonine  contains  a  pyridic  and  a  quinolio  group. 

STRYCHNINE  AND  BRUCINE. 

Pelletier  and  Caventou  discovered  these  two  alkaloids  in 
various  vegetable  products  derived  from  plants  belonging  to  the 
genus  Strychnos^  such  as  nux  vomica  (seeds  of  the  StrychnoB 
Nux  vomica),  false  angusturabark,  which  comes  from  the  same 
Strychnos,  Saint  Ignatius  bean  (seeds  of  the  StrycJmos  Ignatii), 
etc.  These  alkaloids,  to  which  igaturine  has  recently  been 
added  (Desnoix),  appear  to  be  combined  in  the  Strychnos  with 
an  acid  but  little  known,  which  Pelletier  and  Caventou  called 
igtuwric  acid. 
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Btrrohiiuie,  C°H"NK)".—/\'«pam*iaii.— Strychnine  is  ex- 
tnurted  from  nux  vomica  by  a  process  analogous  to  that  which 
sen'es  for  the  preparation  of  qainine.  The  crude  strychnine 
which  deposits  in  crystals  from  its  alcoholic  solution  is  always 
mixed  with  brucine.  The  two  alkaloids  arc  separated  by  con- 
verting them  into  nitrates,  which  arc  made  to  ciystallize ;  the 
strychnine  nitrate,  less  soluble  than  that  of  brucine,  deposits 
in  noodles,  and  the  concentrated  solution  afterwards  deposits 
voluminous  crystals  of  brucine  nitrate.  To  isolate  the  alka- 
loids, the  corresponding  nitrates  are  precipitated  by  ammonia, 
and  the  alkaloid  dissolved  in  boiling  alcohol,  which  deposits  it 
in  ttn'stals  on  cix^ling, 

Pn^jHTtus. — Strychnine  crystallizes  in  rectangular  octa- 
hodra.  cornet  inu^s  in  quadrilateral  prisms  terminated  by  four- 
sided  pyramids^.  It  is  colorless  and  odorless,  but  extremely 
bitter.  It  L<  ins^tluble  in  water  and  in  ether,  and  scarcely 
si^lublo  in  al)solute  alcohol.  It  dissk^lves  readily  in  ordinary 
alcHtlK»l.  in  chlun>fomi.  and  in  the  volatile  oils.  Its  alcoholit* 
solution  turns  the  plane  of  polarization  to  the  left. 

When  strvchnine  or  one  of  its  salts  is  moistened  with  stron;; 
sulphuric  acid,  and  a  little  potassium  dichromate  added,  a  blue 
color  is  produced,  which  changes  to  violet  and  red,  and  at  last 
disappears. 

Strvrlinino  is  one  of  the  mt>st  active  poisons  known  ;  oven 
in  viTv  small  dosos  it  produces  vi«»lcnt  tetanic  spasms. 

Brucine,  C-'I1*N*0*  +  411*0. — Brucine.  separated  from 
strvrhniiii*  hy  ihv  pnuvss  alxn'o  indicated,  crystallizes  bv  >l<»w 
evaporation  of  its  si.»Iution  in  weak  alcohol  in  obIi«|Uo  rlionihic 
prisms,  wbirli  are  often  quite  large.  Those  crystals,  which 
contain  four  njoleeulos  of  water.  raj»idly  efflon*sce  in  the  air. 
Bnu-ino  is  almost  inst»luMe  in  water,  but  dissolves  readilv  in 
alcohol  and  very  sliirhtly  in  ether.  The  alcoholic  solution  m- 
tates  the  plane  of  polarization  to  the  let\. 

If  briu-ine  U*  moistened  with  nitric  acid,  it  imniediatelv 
;tssumes  a  blood-red  color  and,  by  the  aid  of  a  p.'nile  heat, 
disengap's  carbon  dioxide  and  vapors  wliich  contain  methyl 
nitrite  ^^Si rocker;. 

COCAINE. 

Cocaine  was  obtained  by  Niemann  from  coca  leaves  {Ery- 
thnjxj/ion  Cocfi),     It  has  been  studied  by  Wiihler  and  Lassen. 
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PteparatioiL — Coca  leaves  are  exhausted  several  times  with 
water  at  a  temperature  between  60  and  80^,  and  the  solu- 
tion is  precipitated  by  lead  acetate,  and  filtered ;  the  filtered 
solution  is  freed  from  excess  of  lead  acetate  by  addition  of 
sodium  sulphate  and  then,  after  a  new  filtration,  the  solution 
is  evaporated.  Sodium  carbonate  is  then  added  until  it  pro- 
duces a  faint  alkaline  reaction;  the  liquid  is  lastly  agitated 
with  ether,  which  takes  up  the  cocaine  and  leaves  it  on  evapo- 
ration. 

Propertie8.-rCocaine  crystallizes  in  oblique  rhombic  prisms 
of  four  or  six  sides,  which  are  colorless  and  odorless,  and  fuse 
at  98^.  It  is  but  slightly  soluble  in  cold  water,  more  soluble  in 
alcohol,  very  soluble  in  ether.  Its  taste  is  bitter,  its  reaction 
slightly  alkfdine.  When  heated  with  hydrochloric  acid,  it  ab- 
sorbs two  molecules  of  water  and  decomposes  into  methyl  alco- 
hol, benzoic  acid,  and  a  crystallizable  base,  ecgoniiie,  C'H^^NO' 
+  H'O. 

ACONITINE. 
C"H«NO»o 

The  AcoHitum  NapeUus  contains,  independently  of  aconitic 
acid,  a  base  which  was  extracted  by  Geiger  and  Hesse.  It 
occurs  as  a  white  powder,  or  as  colorless,  tabular  crystals,  only 
slightly  soluble  in  water,  very  soluble  in  alcohol.  Its  taste  Ls 
acrid  and  bitter.  It  is  a  violent  poison.  Its  nitrate  crystal- 
tizes  readily. 

ATROPINE. 

C"H»NO» 

This  alkaloid,  which  is  largely  used  in  the  treatment  of  dis- 
eases of  the  eyes,  was  discovered  in  1833  by  Geiger  and  Hesse, 
and  by  Mein,  in  the  belladonna,  or  deadly  nightshade  (Atropa 
Belladonna).  Planta  has  shown  the  identity  of  atropine  and 
daturine,  which  has  been  obtained  from  the  thorn-apple 
(J)aiura  Stramonium), 

Preparation. — Belladonna-root  is  reduced  to  powder  and 
digested  several  days  with  alcohol.  The  solution  is  filtered, 
slaked  lime,  in  quantity  equal  to  one-twentieth  of  the  weight  of 
root  employed,  is  added,  the  solution  again  filtered,  and  rendered 
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digbtly  acid  with  snlpburio  add.  It  is  again  filtered,  and  }  of 
the  alcohol  distilled  off.  The  residue  is  concentrated  at  a  gentle 
heat,  and  a  concentrated  solution  of  potassium  carbonate  is  added 
until  the  liquid,  now  neutral,  begins  to  be  clouded.  After  a  few 
hours,  the  precipitate  is  separated  by  filtration,  and  potassium 
carbonate  is  added  to  the  filtrate  as  long  as  impure  atropine  is 
precipitated.  The  next  day,  the  deposit  is  collected  on  a  filter, 
pressed,  dried,  and  exhausted  with  96  per  cent,  alcohol.  The 
solution  is  decolorized  with  animal  charcoal,  the  liquid  diluted 
with  five  or  six  times  its  volume  of  water  and  put  in  a  cool, 
dark  place.  The  atropine  is  deposited  in  12  or  24  hours  in 
crystalline  needles. 

Properties. — Atropine  crystallizes  in  delicate  needles,  fusi- 
ble at  90^.  It  dissolves  in  300  parts  of  cold  water,  and  in 
almost  all  proportions  of  alcohol.  It  is  less  soluble  in  ether. 
At  14C  it  volatilizes,  but  the  greater  part  of  it  is  decomposed. 

In  burning,  atropine  diffuses  the  odor  of  benzoic  acid.  When 
it  is  treated  with  potassium  dicbromate  and  sulphuric  acid, 
benzyl  aldehyde  distils  and  benzoic  acid  is  formed  (Pfeiffer). 

Atropine  is  a  virulent  poison.  A  solution  of  sulphate  of 
atropine  is  used  in  medicine.  A  single  drop,  even  of  a  veiy 
dilute  solution  of  this  salt,  produces  dilatation  of  the  pupil. 

"When  heated  with  baryta  water,  or  with  hydrochloric  acid, 
atropine  breaks  up  into  tropine  and  tropic  acid  (Lessen  and 
Kraut). 

C"H»NO»    +     H'O    =    C»H"0»    +    C?H»NO 

AtruplDe.  Tropic  add.  Tropine. 

Tropine  is  an  energetic  base,  soluble  in  water,  alcohol,  and 

ether :  from  the  latter  solvent  it  separates  in  tables,  fusible  at  61^. 

Tropic  acid  is  the  phenyl  derivative  of  hydracrylic  or  ethyl- 

enelactic  acid. 

CIP.OH  CH«.0H 

CH«.C0.0H  CH<^H^jj 

Ethylenelactic  acid.  Tropic  add. 

It  forms  small  crystals,  fusible  at  117^.  By  long  boiling 
with  hydrochloric  acid,  or  with  baryta  water,  it  loses  a  molecule 
of  water,  and  is  converted  into  atropic  acid,  C'flH)',  which 
is  isomeric  with  cinnamic  acid. 


CH(C«H6) 

CH« 

^R 

<1j'(c«h») 

io.OH 

60.0H 

dnnamlc  add. 

AtroploMid. 
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Tropic  acid  and  tropiDC  combine,  forming  a  tme  salt.  Wben 
long  heatetd  with  dilute  hydrochloric  acid,  this  salt  loses  the 
elements  of  water,  and  atropine  is  formed. 

C«H"NO  C*H»''0»    =    H*0    +     (?^H"NO* 

Tropine  tropate.  Atropine. 

This  partial  synthesis  of  atropine  has  been  effected  bj 
Ladenburg. 

PIPERINB. 

C"H«NO» 

This  alkaloid  occurs  in  various  species  of  pepper,  particularly 
in  black  pepper,  from  which  it  may  be  extracted  by  alcohol. 
It  crystallizes  in  quadrilateral  prisms,  fusible  at  100^,  very 
Bolable  in  alcohol  and  ether,  and  insoluble  in  water.  Its  re- 
action is  neutral,  and  its  salts  are  not  well  defined.  Sulphuric 
acid  dissolves  it,  producing  a  dark-red  color.  When  distilled 
with  soda-lime,  it  yields  piperidine^  C*H"N,  a  liquid,  volatile 
alkaloid,  boiling  at  lOe"" ;  it  is  a  secondary  base,  C^H^°=NH. 

THEOBROMINE. 

Theobromine  exists  in  the  beans  of  the  cacao  (  Theobroma 
Cacao),  To  prepare  it,  the  crushed  cacao  beans  arc  exhausted 
with  water,  and  the  aqueous  extract  is  precipitated  by  lead  ace- 
tate. The  precipitate  is  separated  by  filtration,  and  the  filtrate 
is  freed  from  an  excess  of  lead  by  hydrogen  sulphide  ;  it  is  then 
again  filtered,  and  evaporated  to  dryness.  The  residue  is  dis- 
solved in  absolute  alcohol  and  the  solution  concentrated ;  the 
theobromine  separates  as  a  crystalline  powder,  having  a  bitter 
taste,  slightly  soluble  in  alcohol  and  ether.  It  may  be  sublimed. 
It  is  soluble  in  ammonia. 

CAFFEINE,  OR  THEINE. 

Caffeine  was  extracted  from  coffee  in  1821  by  Pelletier  and 
Caventou,  and  by  Robiquet  and  Runge.  Liebig,  Pfaff,  and 
Wohler  determined  its  composition.  It  exists  in  coffee,  tea, 
Paraguay  tea  (leaf  of  the  Jlex  Faragvaiensis)^  and  guarana 
(seeds  of  the  Paullinia  Sorbilis),  The  latter  product  contains 
5  per  cent.     Caffeine  is  methyl-theobromine. 

2* 
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Preparation. — Gaffeine,  or  theine,  is  generally  obtained 
from  tea.  Powdered  tea  is  exhansted  sevenl  times  with  cold 
alcohol,  and  the  tinctore  is  predpitated  by  snbaoetate  of  lead, 
filtered,  and  a  current  of  hydrogen  sulphide  passed  through 
the  filtrate  to  precipitate  the  excess  of  lead.  The  filtered  liquid 
is  then  evaporated  to  one-fourth  its  volume,  neutralized  by  po- 
tassium hydrate,  and  allowed  to  crystallize  (Herzog). 

Properties. — Caffeine  forms  long,  silky  needles,  which  are 
light  and  colorless.  It  loses  its  water  of  crystallization  at  100^, 
melts  at  225*^,  and  sublimes  without  alteration  at  a  higher  tem- 
perature. It  is  only  slightly  soluble  in  cold  water,  but  dissolves 
readily  in  boiling  water,  and  in  alcohol.  It  is  but  slightly  soluble 
in  ether.  It  forms  definite  combinations  with  the  acids.  When 
boiled  with  concentrated  potassa,  it  disengages  methylamine. 

Heated  with  baryta  water,  it  breaks  up  into  carbon  dioxide 
and  caffeidine,  C^H^'N^O,  a  base  soluble  in  water,  and  which 
yields  by  prolonged  boiling  with  water  sarcosin  and  other 
products. 

By  the  action  of  chlorine  water  or  of  nitric  acid,  caffeine 
forms  methylamine,  cyanogen  chloride,  and  an  acid,  C"H"NO', 
which  Rochleder  has  named  amaiic  acid.  The  latter  is  tetra- 
methyl-alloxantin,  C•(CH')*N*0^  and  the  reaction  indicates 
a  relation  between  caffeine  and  the  uric  acid  group. 

When  caffeine  is  boiled  for  a  few  minutes  with  fuming  nitric 
acid,  the  yellow  licjuid  evaporated  to  dryness,  and  the  residue 
moistened  with  ammonia,  a  purple  color  is  produced,  analogous 
to  that  of  murexide. 


ALBUMINOID    MATTERS. 

The  albuminoid  matters  are  complex  organic  substances,  con- 
taining carbon,  hydrogen,  oxygen,  and  nitrogen,  which  are  often 
associated  with  a  small  proportion  of  sulphur.  By  their  com- 
position and  properties  they  are  allied  to  the  coagulable  matter 
which  exists  in  white  of  egg  and  in  the  serum  of  blood,  and 
which  Ls  called  idbunien. 

The  epidermic  productions  and  the  insoluble  substances 
which  are  converted  into  gelatin  or  chondrin  by  boiling,  differ 
from  albumen  and  its  allied  compounds  by  their  composition. 
They  contain  less  carbon  and  more  nitrogen.  For  this  reason 
the  neutral  nitrogenized  matters  of  the  economy  are  divided 
into  two  comprehensive  classes,  albuminoid  snbstanoes  proper, 
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and  those  sabsUnoes  which  resemble  in  compositioD  the  iiiBol- 
able  matter  which  forms  the  cartilage  of  bones,  and  which 
yield  gelatin  by  the  action  of  boiling  water. 

The  more  important  of  the  albuminoid  bodies  are  as  follows : 


Albumen 

Fibrin    . 

CMein    . 

Globolin 

Syntonin 

Myosin  . 
Vitellin  . 
Hemoglobin 


.  A  nitrogenized  matter,  ooagulable  by  beat,  and  exist* 
ing  in  many  liquids  of  the  animal  economy,  partica- 
larly  in  wbite  of  egg  and  the  serum  of  blood. 

•  A  nitrogenized  matter,  which  deposits  in  the  solid  state 
daring  the  coagulation  of  blood. 

.     A  nitrogenised  matter,  existing  in  milk,  and  considered 
identical  with  albuminate  of  sodium. 
An  albuminoid  substance  that  can  be  obtained  from 
the  red  blood-corpuscles. 

.  An  albuminoid  substance,  resulting  from  the  action  of 
very  dilute  hydrochloric  acid  on  muscular  fibres. 

.     An  albuminoid  body  contained  in  muscular  fibres. 

.     The  albuminoid  matter  of  yolk  of  egg. 

.  A  erystiUlizable  substance  contuiued  in  red  blood-cor- 
puscles. 

Among  the  cartilaginous  and  gelatinous  substances  are  the 
following : 

Ofiein,  or  oollagene,  which  forms  the  cartilage  of  bones,  and  yields  gelatin 

when  boiled  with  water. 
Chondrogin,  whicb  4:onstitutes  the  cartilage  of  the  short  ribs,  and  which 

yields  chondrin  when  boiled  with  water. 
Keratin,  or  horny  structure. 
Blastin,  the  constituent  of  elastic  tissue. 
Fibroin,  a  product  peculiar  to  silk-worms,  etc. 

The  substances  belonging  to  these  two  groups  possess  the 
following  elementary  composition : 

FIRST  GROCP. 

Carbon 53.5 

Hydrogen 6.9 

Nitrogen 15.6 

Oxygen 23  to  22.4 

Solphor 1  to    1.6 


SECOND 

GROUP. 

50.0 

6.6 

16.8 

26.1  to  23.1 

0.5  to 

3.5 

100.0 


100.0 


Of  most  of  the  albuminoid  substances,  two  modifications 
wre  known,  one  soluble  and  the  other  insoluble.  Thus  heat, 
idds,  and  alcohol  convert  soluble  albumen  into  insoluble  albu- 
men,  and  the  latter  appears  to  have  the  same,  or  very  nearly 
bhe  same  composition  ailer  coagulation  as  before. 

The  insoluble  albuminoid  bodies,  such  as  coagulated  albu- 
men, cooked  albumen,  fibrin,  and  casein,  dissolve  by  the  aid  of 
I  gentle  heat  in  potassium  hydrate,  to  which  they  yield  a 
portion  of  their  sulphur.      The  alkaline   liquid,  supersata- 
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rated  widi  aoedo  add,  precipitatea  the  diaaolved  matter  in 
flakes. 

Concentrated  and  boiling  aolntions  of  the  alkalies  deoompoee 
all  albuminoid  substances,  the  principal  products  of  the  deoom- 

C'tion  being  carbon  dioxide,  formic  add,  glycocolj  and  its 
lologue  leucine,  CH^'NO*,  as  well  as  a  nitrogenized  sab- 
stance  known  as  tyrosine  and  containing  CH'^NO*.  The  other 
decomposition  products  will  be  indicated  when  treating  of 
albumen. 

Leucine  and  tyrosine  are  also  formed  when  albuminoid  sub- 
stances are  long  boiled  with  dilute  sulphuric  acid.  At  the  same 
time,  aspartic  acid,  and  glutamic  acid,  C^H*NO*,  which  is  the 
add  amide  of  normal  pyrotartaric  acid,  is  formed. 

^^'<cSh  C«H»(NH')<g5g 

Pyrotartaric  acid.  Glatamic  acid. 

Concentrated  hydrochloric  acid  dissolves  the  insoluble  albumi- 
noid bodies,  and  the  solution  assumes  a  violet  color,  especially 
on  contact  with  the  air  (Caventou). 

When  brouj^ht  into  contact  with  water  containing  one  or 
two  thousandths  of  hydrochloric  acid,  insoluble  albuminoid  mat- 
ters swell  up  and  are  finally  converted  into  a  transparent  jelly, 
which  partially  dissolves  in  water. 

By  the  action  of  energetic  oxidizing  agents,  such  as  chromic 
acid,  or  manganese  dioxide  and  sulphuric  acid,  albuminoid 
bodies  produce  various  products  of  oxidation  and  decomposi- 
tion, among  which  we  may  note  particularly:  (1),  the  volatile 
acids  of  the  series,  C"H*"0*,  from  formic  acid  to  capn>ic  acid 
inclusive ;  (2),  the  corresponding  aldehydes ;  (3),  the  nitriles 
(hydrocyanic  ethers),  propionitrile  (ethyl  cyanide),  and  valero- 
nitrile  (butyl  cyanide) ;  (4),  benzoic  acid  and  benzyl  alde- 
hyde. 


ALBUMEN. 

Two  modifications  of  albumen  are  known:  one  is  soluble, 
the  other  insoluble. 

Soluble  albumen  exists  in  solution  in  white  of  egg,  and  in 
other  liquids  of  the  animal  economy.  The  coagulable  prin- 
dple  of  the  serum  of  blood  is  a  liquid  very  analogous  to  the 
albumen  of  white  of  egg ;  some  chemists  have  called  it  tenn. 
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When  a  filtered  solutioii  of  white  of  e^  is  evaporated  at  a 
low  temperature  or  in  a  vacuam,  the  soluble  albuujeu  at  length 
dries  to  a  transparent,  yellowish  mass,  having  a  gummy  appear- 
ance. In  this  state  it  is  not  pure  ;  it  remains  combined  with 
a  trace  of  alkali  and  mixed  with  a  small  quantity  of  salts. 
When  treated  with  water,  it  again  dissolves.  When  it  is  per- 
fectly dry,  it  may  be  heated  to  even  100°  without  losing  all  of 
its  water.  The  greater  part,  if  not  all,  of  the  salts  which  exist 
in  white  of  egg  with  the  albumen  may  be  removed  by  dialysis 
(Graham). 

When  a  solution  of  white  of  egg  or  of  the  serum  of  blood 
is  heated,  the  liquid  begins  to  be  clouded  at  70°,  and  coagulates 
at  about  73°,  sometimes  in  flakes,  sometimes  in  a  white  mass, 
according  to  the  concentration  of  the  solution ;  heat  converts 
albumen  into  the  insoluble  variety. 

When  white  of  egg  is  diluted  with  eight  or  nine  times  its 
volume  of  water  and  the  carbonic  acid  gas  which  is  dissolved 
or  combined  with  the  albumen  is  carefully  expelled  at  a  low 
temperature,  a  solution  is  obtained  which  is  not  coagulable  by 
heat.  The  lost  property  may,  however,  be  restored  by  passing 
carbon  dioxide  through  the  liquid. 

If  strong  alcohol  be  added  to  a  solution  of  albumen,  a  white 
coagulum  is  formed,  which  becomes  insoluble  in  water  by  the 
prolonged  action  of  alcohol. 

It  is  generally  considered  that  there  is  no  difference  of  com- 
position between  soluble  aud  insoluble  albumen.  However, 
Schiitzenberger  finds  that  the  difference  is  sensible. 

Action  of  Acids  on  Albvmen. — Sulphuric,  hydrochloric,  and 
nitric  acids  precipitate  albumen  in  thick  fiakes,  which  retain  a 
certain  quantity  of  acid ;  the  latter  may  be  removed  by  pro- 
longed washings  with  water. 

The  action  of  nitric  acid  upon  albumen  is  often  used  for  the 
detection  of  that  substance  in  pathological  urine.  A  still  more 
sensitive  reagent  is  metaphosphoric  acid,  which  precipitates  the 
smallest  traces  of  albumen  contained  in  a  solution. 

Ordinary  phosphoric  acid,  acetic  acid,  and  lactic  acid,  do  not 
precipitate  solutions  of  albumen. 

Action  of  Alkalies  on  Albumen. — When  white  of  egg  is 
beaten  up  with  a  few  drops  of  a  very  concentrated  solution  of 
potassium  hydrate,  it  sets  in  a  few  minutes  in  a  soft,  trans- 

Earent,  semi-solid  mass,  from  which  the  excess  of  potasaa  may 
e  removed  by  washing  with  cold  water.     The  residue  ia  albor 
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minate  of  potassa,  from  which  all  of  die  ezoeas  of  potana  mty 
be  remoyed  by  prolonged  washings.  This  gelatinous  albami- 
nate  of  potassa  dissolves  in  boiling  water.  Acetic  acid  precip- 
itates the  albumen  from  the  solution. 

When  pota-ssa  is  added  to  a  solution  of  albumen,  albuminate 
of  potassa  is  formed  in  the  same  manner ;  acetic  acid  precip- 
itates the  albumen,  which  it  renders  insoluble,  but  the  alkaline 
solution  is  not  troubled  by  boiling.  If  a  few  drops  of  lead 
acetate  be  added  to  the  liquid,  the  oxide  of  lead  formed  will 
remain  dissolved  in  the  excess  of  alkali.  The  liquid  then 
blackens  on  boiling,  for  the  sulphur  contained  in  the  albumen 
acts  on  the  lead,  forming  lead  sulphide. 

Insoluble  albumen  dissolves  in  the  alkalies  and  alkaline  car- 
bonates, forming  albuminates. 

Albumen  combines  with  calcium  hydrate,  as  with  potassa ; 
a  mixture  of  white  of  egg  and  slaked  lime  constitutes  a  very 
hard  cement. 

By  subjecting  albumen  and  its  analogues  to  the  action  of 
an  aqueous  solution  of  barium  hydrate  at  a  temperature  of  140 
or  150°,  Schiitzeuherger  observed  that  these  bodies  decompose, 
by  hydration,  into  ammonia,  carbon  dioxide,  oxalic,  sulphurous, 
and  acetic  acids  ( the  latter  three  bodies  in  very  small  propor- 
tion), and  into  other  products,  which  are  mostly  crystalliza- 
ble.  These  [)roduets  are  tyrosine  and  the  acid  amides  of  the 
fatty  series  C"^■"^»NO^  from  amidobutyric  acid,  C*H\NH«)0% 
to  amid-cenanthic  acid,  C^H"(NH*)0*,  inclusive.  With  these 
products  are  others  which  are  also  crystallizable,  but  contain 
less  hydrogen  ;  lastly,  more  highly  oxidized  amides  are  formed 
in  the  same  reaction,  such  as  malamic,  diamidocitric,  aspartic, 
and  <j:lutamic  acids. 

Frum  these  result,s,  it  may  be  inferred  that  albumen  and  it* 
analogues  contain  the  elements  of  urea,  tyrosine,  acid  amides 
of  the  fatty  series,  and  more  oxidized  amides  analogous  to  as- 
partic  acid,  all  of  these  bodies  being  combined  together,  with 
eliminatiun  of  water.  The  presence  of  a  certain  proportitm  of 
a  dextriniforni  budy  in  the  products  of  the  decomposition  of 
albumen  j)ermits  the  supj)osition  that  the  complex  molecule  of 
the  latter  body  contains  also  an  amide  of  cellulose  or  an  amy- 
laceous body. 

Action  of  the  tSnlts  on  Albumen. — Many  salts  precipitate 
solutions  of  albumen.  Acetate  and  subacetate  of  lead  form 
dense  precipitates  of  albuminate  of  lead.    Cupric  sulphate  pro- 
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daoee  a  blae  precipitate.  Corrosiye  sablimate  yields  a  white 
precipitate,  even  in  very  dilute  solutions  of  albumen.  The  in- 
solubility of  this  precipitate  explains  the  use  of  albumen  as  an 
antidote  to  corrosive  sublimate. 

Solutions  of  albumen  are  not  precipitated  by  solutions  of 
sodium  chloride  or  sodium  sulphate,  but  when  acetic  acid  is 
added  to  the  mixture,  a  precipitate  forms.  Reciprocally,  a  solu- 
tion of  albumen  to  which  acetic  acid  has  been  added  is  pre- 
cipitated by  solutions  of  sodium  chloride  and  sodium  sulphate 
(Panum). 

When  incinerated,  both  soluble  and  insoluble  albumen  leave 
a  residue  of  calcium  phosphate  from  which  it  is  almost  impos- 
sible to  free  the  albumen. 

FIBRIN. 

When  recently-drawn  blood  is  left  to  itself,  it  coagulates 
spontaneously  in  a  few  minutes,  and  soon  separates  into  a  yel- 
low liquid  cidled  the  sentm,  and  a  red  eoagulum,  which  is  the 
dot.  The  clot  contains  the  red  corpuscles,  imprisoned  in  an 
insoluble  albuminoid  matter.  This  matter  is  fibrin,  and  it  is 
now  considered  to  be  formed  during  the  coagulation  at  the  ex- 
pense of  two  soluble  substances,  both  of  which  exist  in  solution 
in  the  liquid  portion  of  blood,  which  is  called  plasma.  One  of 
these  substances  is  called  fihHnogai.,  the  other  is  the  Jibrtno- 
plastic  xaBiter  or  par aglohulin.  These  two  bodies  have  been 
isolated:  when  they  are  mixed  in  presence  of  water  and  a 
certain  proportion  of  sodium  chloride,  the  whole  dissolves  at 
first  and  the  liquid  soon  coagulates  spontaneously ;  the  eoagu- 
lum is  fibrin  (Hoppe-Seyler). 

However  this  may  be,  fibrin  may  be  obtained  in  fibrous 
masses  by  beating  fresh  blood.  The  latter  does  not  coagulate 
in  this  case,  but  the  coagulable  constituent  attaches  itself  in 
red  flakes  to  the  rods  with  which  the  blood  is  agitated.  By 
washing  these  flakes  in  running  water,  they  are  freed  from  the 
adhering  red  corpuscles,  and  obtained  in  white  or  grayish  elas- 
tic masses  of  a  fibrous  appearance.  This  substance  is  entirely 
insoluble  in  pure  water,  but  dissolves  in  slightly  alkaline  solu- 
tions, and  even,  by  the  aid  of  a  gentle  heat,  in  solutions  of 
certain  salts  which  have  an  alkaline  reaction.  It  decomposes 
hydrogen  dioxide  into  oxygen  and  water. 

When  left  to  itself  during  the  heat  of  summer,  it  putrefies 
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very  rapidly,  and  is  conrerted  iDto  a  blackisb  liquid,  which 
contains  albumen.  Leucine,  and  butyric  and  yalenc  adds  are 
formed  at  the  same  time. 

When  treated  with  concentrated  hydrochloric  acid,  fibrin 
dissolves,  forming  a  blue  solution.  When  still  moist  fibrin  is 
introduced  into  water  containing  one  or  two  thousandths  of 
concentrated  hydrochloric  acid,  it  swells  and  becomes  trans- 
parent, forming  a  jelly.  After  some  time  it  dissolves  in  the 
liquid,  although  with  difficulty,  and  the  solution  then  contains 
a  substance  which  appears  to  be  identical  with  syntonin  (see 
farther  on). 

When  fibrin,  swollen  by  hydrochloric  acid,  is  digested  at 
about  40°  with  gastric  juice,  or  with  the  ferment  called  pepsin^ 
which  may  be  obtained  from  that  liquid,  the  fibrin  entirely  dis- 
solves and  is  converted  into  a  soluble  and  dialyzable  body  called 
peptone.  This  body  is  formed  during  the  digestion  of  albu- 
minoid matters. 

Under  certain  circumstances  sodium  chloride  dissolves  fibrin. 
When  such  a  solution  is  dialyzed,  the  salt  passes  into  the  exte- 
rior liquid,  and  there  remains  in  the  dialyzer  a  limpid  solution 
having  all  the  charact^jrs  of  a  solution  of  albumen  from  egg 
(A.  Gautier). 

MYOSIN. 

Kiihne  has  designated  by  this  name  the  albuminoid  matter 
which  exists  in  solution  in  the  sheaths  of  the  muscular  fibres 
(sarcolenimal,  and  which  has  the  property  of  coagulating  sp<in- 
taneously  utter  death,  thus  producing  cadaveric  rigidity. 

Myosin  is  insoluble  in  water  as  well  as  in  a  saturated  solu- 
tion of  common  salt,  but  it  dissolves  in  a  solution  containing 
ten  per  cent,  of  salt.  It  may  be  extnicted  from  the  muscles 
by  the  following  process  :  the  flesh  is  chopped  up,  and  decolor- 
ized by  washing  with  water ;  it  is  then  triturated  with  pul- 
verized common  salt,  and  enough  water  is  added  to  produce  a 
10  per  cent,  solution  of  salt.  Alter  digestion  for  a  few  hours 
in  the  cold,  the  licjuid  is  filt<jred  and  brought  into  contact  with 
rock  salt ;  as  the  latter  dissolves,  it  precipitates  the  myosin  in 
flakes. 

Recently-precipitated  myosin  dissolves  in  a  ten  per  cent, 
solution  of  salt,  but  it  loses  this  property  by  desiccation.  Very 
dilute  hydrochloric  acid  dissolves  it,  and  soon  transforms  it 
into  syntonin. 
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SYNTONIN. 

This  substance  may  be  extracted  from  muscular  tissue.  The 
latter  is  hashed,  washed  with  w^ter,  and  suspended  in  a  large 
quantity  of  water  containing  one-thousandth  of  hydrochloric 
acid.  The  particles  of  meat  swell  and  dissolve  abundantly  in 
the  liquid,  which  is  then  pressed  through  a  cloth,  filtered,  ana 
exactly  neutralized  with  sodium  carbonate.  The  syntonin  is 
precipitated  in  gelatinous,  colorless  flakes,  which  collect  and 
dry  upon  the  filter  in  elastic  films. 

Syntonin  dissolves  in  water  slightly  acidulated  with  hydro- 
chloric acid.  It  also  dissolves  in  lime-water,  and  in  a  one  per 
cent,  solution  of  sodium  carbonate. 

HEMOGLOBIN. 

This  name  is  given  to  the  crystalline  matter  which  may  be 
extracted  from  red  blood-corpuscles,  and  which  was  first  called 
hematocrystalline. 

Preparation. — Clotted  blood  is  broken  up  and  triturated 
with  its  own  volume  of  water  until  it  is  entirely  reduced.  It 
is  then  passed  through  a  cloth,  and  the  liquid  is  frozen,  or 
agitated  with  small  quantities  of  ether  until  the  corpuscles  are 
dissolved.  The  thawed  liquid,  or  that  which  has  been  treated 
with  ether,  deposits  a  coaguluni  which  imprisons  all  of  the 
unbroken  corpuscles.  The  liquid  is  filtered,  rendered  slightly 
acid  by  acetic  acid,  and  alcohol  is  added  as  long  as  the  pre- 
cipitate first  formed  continues  to  dissolve.  When  cooled  to  0° 
for  several  hours,  the  red  liquid  sets  in  a  mass  of  crystals ; 
these  are  collected  on  a  filter,  preascd,  and  washed  with  dilute 
alcohol  and  water,  both  at  0^.  They  are  purified  by  dissolving 
them  in  water  at  40°  and  evaporating  the  solution  in  a  vacuum, 
or  by  adding  alcohol  and  cooling  the  liquid  to  0°. 

Composition. — Hemoglobin  so  prepared  has  about  the  same 
composition  as  albuminoid  bodies,  but  cont^iins  a  little  iron. 
According  to  Hoppe-Seyler,  its  composition  is 

Carbon 54.18 

Hydmgen 7.2 

Nitrogen 16.2 

Oxygen 21.5 

Iron 042 

Sulphur 0.7 

GO  tttt 
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Propertiei. — Hein<^lobin  forma  crystals  which  differ  aocoid- 

iog  to  the  blood  from  wfiich  they  have  been  obtained.     The; 

generally  belong    to   the  tjpc 

^  JA  of  the  right  rhombic  prism. 

^hH^^  ■    Those  IVom  huniaa  blood  fre- 

^^BB^^Ws.    j&       Bent,  under  the  microscope,  the 

^9^MW        M        forms  indicated  in   Fig.  13:;. 

Jfc^  ■  MLa        "^^y  "^  ^^^  "■"*  doubly  re- 

'  ^^    jij  ^Br^^^  fracting.     They  contain  water 

S^'    J0^_^SmSL^    of  crystallization. 

^j^^Mwafer-       They  dissolve  in  water,  anil 
■—'r^M-^^m        '"*'^  readily  in  slightly  alkaline 
^t^^m^    i^^BB        solutionB. 
'^f^    m\  ^^        The  red  solution  of  hemo 
""  globin    (osyhenioglobin")    hit* 

an  important  optical  property. 
When  light   which   has  trav- 
p,g   132.  ersed  a  dilute  .solution  of  hemo- 

globin is  decomposed  by  a 
prism,  till'  NiH'ttnim  so  formed  shows  two  black  bands  (absorp- 
tion baiicisi  ln-iHwn  Friuitihofer's  liiira  D  and  E  (Stokes\ 

Till'  crystids  nf  heint^^lohin  contain  osy-ren  which  U  weakly 
coniliini'il,  ;iini  which  may  be  removed  by  exposinj;  the  crys- 
tals ill  a  vai-uum  i  Ilojipe-Scyler).  Oxy^ienati-d  hemoglobin  is 
known  ill!  nxghfrnurfloliiii.  and  hcnio<>^obin  deprived  of  osv^'cn 
TiNilMUirliH  that  -ixi*  win'n  brou^'ht  into  contact  with  it.  It  is 
curious  that  carbon  monoxide  will  expel  the  oxy<!en  from  hemo- 
giobin,  ut  ihc  suae  time  replacing  it  (CI.  Btrniird).  The  com- 
bination of  hemogluliin  and  eari>on  monoxide  is  soluble  in 

The  s<iliiiii>ii  of  iix_vhemop:loliin  yields  its  oxygen  to  certain 
reducing  iigiMils,  sm-h  as  hydrogen  sulphide.  Retlncil  hemo- 
globin gives  an  absorption  speelrum  containing  one  single  band, 
'itualed  in  a  piisiiion  between  the  two  absorption-bands  of  oiv- 
heiuiifzlobin, 

llcnio^l'ibin  decompcises  hydrogen  dioxide  It  ia  Mry  un 
stable,  and  it'ilio  i-rystals  liedriiHl  at  a  tLUiperaturu  atxjM,  100° 
they  rapidly  betome  altered.  The  aijucous  solution  duoni 
poHCM  sprjntaneoii.ily  in  a  lew  hours  ut  15°,  or  teniiM.nluri.- 
above  ihiit  i"iiiit.  The  acids,  oven  thi.  weak  ones,  la\ur  this 
deconiiKisidon,  wliicli  is  manifested  bj  a  change  ol  lolor  ihc 
fine  red  tiiitorihc  benidglobin  being  rcplusd  by  a  brown      In 
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these  oases,  hemoglobin  decompoises  into  an  albuminoid  matter 
(globulin),  and  a  ferruginous  pigment  called  hematin.  At  the 
same  time,  small  quantities  of  fatty  acids  arc  set  free  (Hoppe- 
Seyler). 

Hematin. — This  substance  has  rec^^ived  different  names. 
Lecanu,  who  first  studied  it,  named  it  hematosin.  When  prop- 
erly purified,  it  forms  a  blackish-blue,  amorphous  powder,  which 
is  quite  stable,  since  it  resists  a  temperature  of  180°.  It  con- 
tains carbon,  hydrogen,  nitrogen,  oxygen,  and  iron.  When 
incinerated,  it  leaves  12.8  per  cent,  of  oxide  of  iron. 

It  is  insoluble  in  water,  alcohol,  ether,  and  chloroform.  It 
dissolves  in  the  alkalies,  in  ammonia,  and  in  the  acids,  and  is 
readily  soluble  in  ammoniacal  alcohol  and  iu  alcohol  containing 
hydrochloric  acid.  These  solutions  are  reddish-brown.  With 
hydrochloric  acid,  hematin  forms  a  compound  which  crystallizes 
in  rhomboidal  laminao ;  the  crystals  are  characteristic  and  may 
be  recognized  by  means  of  the  microscope  (hydrochloride  of 
hematin). 

Hematoidin. — This  body  is  doubtless  a  product  of  the 
decomposition  of  hemoglobin.  Virchow  found  it  in  orange- 
colored  crystals  in  the  remains  of  old  hemorrhages  of  the  brain. 
It  is  also  found  in  blood  which  has  been  exposed  to  air,  and  in 
extravasated  blood  in  the  Graefian  follicles.  It  may  easily  be 
obtained  from  the  yellow  bodies  contained  in  the  ovaries  of  the 
cow,  by  triturating  them  with  glass,  and  digesting  for  a  few 
days  with  chloroform.  After  evaporation  of  the  yellow  chloro- 
form solution,  the  residue  is  treated  with  ether  to  dissolve  out 
the  fat. 

Hematoidin  crystallizes  in  small,  orange-red,  transparent 
prisms.  It  is  insoluble  in  water  and  alcohol,  slightly  soluble 
in  ether;  it  is  soluble  in  chloroform,  which  it  colors  golden- 
yellow.  It  presents  certain  analogies  with  bilirubin  (page 
673). 

GLOBULIN. 

Berzelius  gave  this  name  to  the  coagulable  albuminoid  sub- 
stance which  may  be  obtained  from  red  blood-corpuscles,  and 
which  is  now  believed  to  be  a  product  of  the  decomposition  of 
hemoglobin.  This,  or  an  analogous  substance,  exists  in  the 
crystalline  lens.  It  may  be  obtained  by  boiling  the  crystalline 
lens  of  the  ox  with  water  and  filtering  the  liquid.  A  solution 
of  globulin  is  thus  obtained.     It  much  resembles  albumen  in 
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its  properties.  When  heated,  it  beoomes  donded  at  73^,  but 
coagulates  completely  only  at  93^.  It  is  not  precipitated  by 
either  acetic  acid  or  by  the  alkalies,  but  when  its  add  or 
alkaline  solution  is  neutralized,  a  precipitate  is  formed.  A 
solution  of  globulin  is  precipitated  by  a  current  of  carbon  di- 
oxide. 

CASEIN. 

When  an  acid  is  added  to  milk,  a  thick  precipitate  is  at  once 
formed ;  it  is  produced  by  the  casein.  The  lactic  add  which 
forms  in  milk  by  the  fermentation  of  the  milk-sugar,  produces 
the  same  precipitation.  The  milk  is  then  said  to  curdle.  The 
precipitate  consists  of  an  albuminoid  matter  called  casein, 
which  is  considered  to  be  identical  with  coagulated  albumen. 

Casein  dissolves  in  alkaline  liquids  and  even  in  certain  alka- 
line salts,  such  as  carbonate  and  phosphate  of  sodium.  It 
exists  in  this  state  in  milk,  which  is  alkaline  when  fresh. 
When  this  solution  of  alkaline  albuminate,  to  which  the  name 
soluble  casein  has  been  given,  is  evaporated,  it  becomes  covered 
with  a  pellicle.  Acetic  acid  precipitates  it  in  flakes,  combining 
with  the  alkali.  It  is  also  coagulated  by  the  gastric  juice, 
which  is  add,  and  which  contains  a  ferment  known  as  pf^psin. 
This  ferment  exists  in  rennet  which  is  prepared  from  the 
fourth  stomach  of  the  calf,  and  which  serves  to  coagulate 
skimmed  milk  in  the  preparation  of  cheese.  Indeed,  casein, 
more  or  less  altered  by  putrefaction,  is  the  basis  of  the  different 
kinds  of  cheese. 

GELATIN. 

The  bones  contain  a  cartilaginous  substance,  which  may  be 
isolated  by  dissolving  out  the  mineral  salts,  which  consist  of 
calcium  carbonate  and  phosphate,  with  hydrochloric  acid. 
There  remains  a  semi-transparent,  elastic  sulitance,  which  re- 
tains the  form  of  the  bone.  This  substance,  which  has  been 
called  ossein^  or  coUugene^  is  insoluble  in  cold  water,  but  by 
prolonged  boiling,  or  more  rapidly  by  digestion  with  water 
heated  to  a  few  degrees  above  100°,  it  dissolves  and  forms  a 
solution,  which  sets  in  a  transparent  jelly  on  cooling.  The 
body  formed  by  this  transformation  dissolves  slightly  in  cold 
water,  and  abundantly  in  boiling  water,  and  the  hot  solution 
forms  a  jelly  on  cooling.     Hence  the  name  gelatin. 
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Other  tinnes  of  the  animal  ecoDomy  may  be  converted  into 
gelatin  by  boiling  with  water.  It  is  so  with  the  cellular  tissue, 
the  skin,  the  scales,  and  swimming-bladder  of  fishes.  The 
swimming-bladder  of  the  sturgeon,  known  in  commerce  as  fish- 
glue,  ^mishes  very  pure  gelatin  by  boiling  with  water. 

The  substances  which  may  *be  converted  Into  gelatin  possess 
very  nearly  the  same  composition  as  gelatin  itself;  hence  no- 
thing precise  is  known  concerning  the  nature  of  the  change 
produced  in  them  by  the  action  of  boiling  water. 

Dry  gelatin  occurs  in  transparent  sheets,  which  are  sonorous, 
and  of  which  the  color  varies  from  yellowish  to  brown,  accord- 
ing to  their  thickness  and  purity. 

The  aqueous  solution  is  precipitated  in  white  flakes  by  alco- 
hol. The  acids  do  not  precipitate  it,  with  the  exception  of 
tannic  acid,  with  which  it  forms  a  thick  coagulum,  a  combina- 
tion of  tannin  and  gelatin.  This  action  of  tannin  on  gelatinous 
matters  \b  applied  in  the  manufacture  of  leather,  which  \b  ob- 
tained by  leaving  fresh  or  green  skins,  previously  swelled  by 
soaking  in  water,  in  contact  with  tan,  that  is,  coarsely-ground 
oak-bark,  which  is  well  known  to  contain  tannin. 

When  chlorine-water  is  added  to  a  solution  of  gelatin,  a 
white  cloud  is  formed  which  an  excess  of  chlorine  converts 
into  a  white,  flocculent  precipitate. 

Solutions  of  gelatin  are  precipitated  by  platinic  chloride 
and  by  corrosive  sublimate,  but  not  by  alum  or  the  salts  of  lead, 
copper,  silver,  etc.  When  boiled  with  dilute  sulphuric  acid, 
gelatin  is  converted  into  leucine  and  a  substance  to  which 
Braconnot  gave  the  name  sugar  of  gelatin,  and  which  is  gly- 
cocol. 

Chondrin. — When  the  cartilages  of  the  short  ribs  are  boiled 
for  a  very  long  time  with  water,  they  dissolve,  forming  a  liquid 
which  sets  in  a  jelly  on  cooling.  This  gelatinous  matter  is 
chondrin.  It  is  distinguished  from  gelatin  by  the  property  of 
its  aqueous  solution  to  form  precipitates  with  all  the  acids,  and 
with  a  great  number  of  metallic  salts.  Alum  forms  in  it  an 
abundant,  flocculent  precipitate. 


The  substances  which  have  just  been  summarily  described, 
and  others  which  form  the  liquids  and  tissues  of  the  animal 
economy,  undergo  various  transformations   in  the  organiam. 


I 
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Tfaey  are  derived  from  the  vegetable  kingdom,  which  alone  can 
eiaborate  8uch  complex  matters.  They  pass  with  the  aUment* 
into  the  Buinial  urgauisms,  whiuh  ussiniilate  them,  and  thU  work 
of  a»<imilBtion  duea  not  profoundly  modify  the  nitrogenited 
matters.  But  nnee  fixed  in  tho  tissues,  they  do  not  remain 
there  indefinitely,  for  there  is  a  eontinnal  change  and  renewal 
of  the  whole  economy.  They  become  imfitted  for  the  require- 
menU  of  life,  and  disappear  in  their  turn,  chiulnated  by  that 
continual  oxidation  which  makes  of  the  body  a  permanent 
hearth  of  alow  cotDbuetion.  A  notable  portion  of  the  oxygen 
wliich  enters  the  lungs  al  each  inhalation  penetrates  into  the 
blood,  and  i^  converted  in  tho  capiilaiy  system  and  the  intrica- 
cies of  the  tissues  into  carbon  dioxide.  This  gas,  which  retnms 
to  the  lungs  with  the  venous  blood,  is  exhaled  at  each  exhala- 
tion.    Expired  air  contains  4  to  5  per  cent,  of  carbon  dioxide. 

The  ciirbon  dioxide  eliminatea  the  greaMt  portion  of  the 
carbon  contained  in  the  organic  bodies  burned  cluring  the  phe- 
nomenon of  respiration.  The  hydrogen  of  these  bodies  w 
eliminated  in  the  form  of  water.  But  what  l>ecomcs  of  their 
nitrogen  ?  In  man,  and  a  great  number  of  the  higher  animals, 
it  is  eliminated  in  the  urea  conlamed  in  the  urine.  Such  are 
the  principal  features  of  this  grand  function  of  respiration,  the 
source  of  heat  in  all  animals. 

But  bow  is  thia  slow  oxidation  which  constitutes  the  object 
of  respiration,  as  first  shown  by  Lavoisier,  accomplished  7  Are 
the  organic  matt«rs  ready  to  be  oxidiied  and  consumed  at  onoe, 
or  does  the  oxidation  taJce  place  in  successive  [ihasee,  so  that 
there  are  a  ccrlAin  number  of  intermediate  terms  between  the 
complex  products  which  must  disappear  and  the  final  prodnuts 
of  their  oxidation  ?  All  facts  lead  bo  the  adoption  of  the  latter 
conclusion.  Indeed,  there  are  found  in  ibe  tissues  and  liqaids 
of  the  economy  a  great  number  of  bodies  having  compositions 
more  or  less  complex,  and  which  are  the  products,  and,  as  it 
were,  the  testimony  of  a  successive  simplification,— of  ilitait- 
mmilalion,  as  it  is  called. 

But  it  muHt  not  be  supposed  that  all  of  the  reactions  which 
take  place  in  the  economy  are  phenomena  of  oxidation.  Be- 
fore being  definitely  oxidized  and  rejected  from  the  body,  the 
ingested  organic  matters  and  those  which  form  our  humors  and 
tissues,  may  undur^  various  transtbrmations  and  sometimes 
molecular  complications.  In  ihb  respect,  Wbbler'a  celebnted 
experitnoDt  is  well  known  :  having  taken  benzoic  acid,  he  found 
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hippuric  acid  in  his  urine.  Analysis  has  shown  the  presenoe 
in  the  animal  economy  of  a  multitude  of  more  or  less  complex 
organic  compounds,  nitrogenized  and  non-nitrogenized,  having 
definite  compositions,  and  which  are  the  products  of  varied 
reactions.  Such  reactions  take  place  in  the  blood  and  in  the 
tissues,  principally  in  glandular  organs,  such  as  the  liver.  As 
it  would  be  impossible  to  consider  all  of  these  products  of  d\&- 
assimilation,  we  can  only  briefly  notice  the  more  important. 

LECITHINE. 
C«H«NPO» 

Gk)bley  has  given  this  name  to  a  phosphorized  fatty  matter, 
before  noticed  in  the  brain  by  Vauquelin.  It  exists  in  the 
brain  and  in  the  nerves.  There  is  a  closely  allied  body,  recently 
described  by  Liebreich,  under  the  name  protagon, 

Gobley  extracted  lecithine  from  yolk  of  egg.  That  substance 
is  exhausted  with  a  mixture  of  alcohol  and  ether,  and  an  alco- 
holic solution  of  cadmium  chloride  is  added  to  the  solution 
obtained ;  a  white,  flocculent  precipitate  is  formed,  and  is  puri- 
fied by  washing  with  alcohol  and  ether.  This  precipitate  is  a 
compound  of  cadmium  chloride  and  hydrochloride  of  lecithine. 
It  is  suspended  in  ether  and  decomposed  by  hydrogen  sulphide : 
cadmium  sulphide  is  precipitated  and  hydrochloride  of  lecithine 
remains  in  solution,  and  may  be  obtained  on  evaporation  in  a 
wax-like  mass.  When  the  alcoholic  solution  of  this  hydro- 
chloride is  decomposed  by  silver  oxide,  the  lecithine  is  set  free, 
and  remains,  after  evaporation,  in  the  form  of  a  homogeneous, 
translucent  mass.  Lecithine  may  also  be  precipitated  by  pla- 
tinic  chloride  instead  of  cadmium  chloride  (Strecker). 

Lecithine  and  all  of  its  compounds  are  very  alterable.  It 
decomposes  rapidly  when  the  alcoholic  solution  of  its  hydro- 
chloride is  boiled  with  baryta-water ;  oleate  and  palmitate  of 
barium  are  precipitated,  phosphoglycerate  of  barium  is  formed, 
and  an  organic  base  called  neiirine  remains  in  solution  (Lieb- 
reich). 

Strecker  represents  this  interesting  decomposition  by  the 
equation 

C«H8*NP0«  +  3H«0  =  C»H»PO«  +  C^II^NO^  +  C'SHMQa  +  C»«HWO« 
Leoithine.  Phospho-  Neurine.  Oleic  FttliuiUo 

glyceric  acid.  «cid.  add.    . 

Neurine  is  an  oxygenized  base  of  which  the  constitution  is 
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knowD.     It  is  the  hydrate  of  trimethyl-hydroxethylene-ammo- 
nium  (page  568). 

The  chloride  of  this  ammoDiated  base  is  formed  by  synthesis 
by  the  action  of  ethylene  chlorohydrate  on  trimethylamine  (A. 
Wurtz). 

Trimeth  jl-hydnixethylene- 
ammoDlam  clil>irid«. 

Neurine  is  identical  with  a  base  which  Strecker  obtained 
fiom  the  bile  and  designated  as  choline. 


CHOLESTERIN. 

C»H"0 

This  body  is  largely  diffiised  in  the  organism.  It  exists  in 
the  bile,  and  is  the  principal  constituent  of  most  biliary  cal- 
culi. It  is  found  also  in  small  quantity  in  the  serum  of  blood, 
in  the  brain,  in  yolk  of  e^g,  pus,  the  liquid  of  hydrocele,  etc. 

ILs  solubility  in  alcohol  and  especially  in  ether,  and  the 
facility  with  which  it  crystallizes  from  its  solutions,  permits 
its  easy  isolation,  and  it  may  readily  be  prepared  by  extracting 
biliary  calculi  with  ether,  or  with  boiling  alcohol,  and  allowing 
the  solution  to  evaporate.  Cholesterin  ordinarily  deposits  in 
thin  and  brilliant,  rhombic  plates.  It  melts  at  145^,  and  can 
be  sublimed,  out  of  contact  with  air,  at  360°. 

It  forms  neutral  compounds  with  acids,  analogous  to  thes 
ethers ;  it  seems  to  be  a  monatomic  alcohol. 


The  principal  organic  constituents  of  the  bile  are  two  com — 
plex  acids,  both  nitrogen ized,  and  one  of  which  contains  sul — 
phur.     Those  aro  dycocholic  and  taurocholic  acids.     They  arF=g 
not  contained  in  the  bile  of  all  animals,  and  are  generally  ex  — 
tractcd  from  that  of  the  ox.     They  enter  into  the  compositioa 
of  human  bile,  which   contains   in  addition  coloring  matters 
of  which  the  most  important  is  bilirubin.     We  wUl  briefly 
describe  these  bodies. 
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GLYCOCHOLIC  ACID. 

This  body  exists  in  the  bile  in  the  form  of  sodium  glycooho- 
late,  which  salt  may  be  obtained  in  crystals  from  ox's  bile. 
The  latter  is  decolorized  by  animal  charcoal,  filtered,  the 
liquid  evaporated,  and  the  residue  perfectly  dried  and  dissolved 
in  absolute  alcohol ;  the  solution  is  introduced  into  a  flask,  and 
ether  is  cautiously  added  so  that  the  two  liquids  may  not  mix, 
but  form  two  layers.  The  latter  gradually  mingle  and  the 
sodium  glycocholate  deposits  in  crystals  (Plattner). 

When  dilute  sulphuric  acid  is  added  to  a  solution  of  this 
salt,  a  cloud  is  formed,  and  glycocholic  acid  is  soon  deposited 
in  fine  needles. 

This  acid  is  only  slightly  soluble  in  water  and  ether,  but  dis- 
solves in  alcohol.  It  is  dextrogyrate  (Hoppe-Seyler).  By  the 
action  of  hydrochloric  acid,  it  is  decomposed  into  cholalic  add 
and  glycocol  (Strecker). 

Glycocholic  acid.  Cholalic  acid.  Glycocol. 

Cholalio  Aoid  exists  in  the  amorphous  state  and  crystallized. 
It  deposits  from  its  ethereal  solution  in  four-sided  prisms, 
beveled  at  the  ends,  and  containing  two  molecules  of  water  of 
crystallization.  By  boiling  with  acids,  it  is  converted  into  a 
resinous  body  which  Berzelius  called  dyslysin, 

C«*H*»0    =    (?*H*»0»     +     2H«0 

DyslyslD. 

TAUROCHOLIC  ACID. 

C»H**NSOT 

The  sodium  salt  of  this  acid  remains  dissolved  in  the  ethe- 
real solution  from  which  sodium  glycocholate  has  deposited. 
It  has  not  yet  been  obtained  crystallized.  It  is  dextrogyrate. 
When  boiled  with  dilute  acids,  or  with  alkalies,  it  breaks  up 
into  cholalic  acid  and  taurine  (Strecker). 

C«H**NSO^    +     H^O    =    C'*H«0*    +    CH^NSO' 

TknrocboUc  acid.  Cholalic  acid.  Taoriue. 

Taurine,  which  was  discovered  by  Leopold  Gmelin,  has 
already  been  described  (page  571). 
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BILntUBIN. 

This  sabfltanoe  exists  in  human  bile  and  in  biliaiy  calcdU. 
It  may  be  extracted  from  the  latter,  which  contain  it  as  calcn- 
lary  pigment.  They  are  crushed,  and  exhausted,  first  with 
ether,  which  removes  the  cholcsterin,  then  with  boiling  water, 
and  finally  with  chloroform.  The  coloring  matter  remains  in 
the  residue  as  a  calcareous  combination ;  this  is  decomposed 
by  adding  hydrochloric  acid,  evaporating  to  dryness,  and  ex- 
hausting the  dried  residue  with  chloroform.  After  evaporation, 
the  chloroform  solution  leaves  a  residue  which  contains,  inde- 
pendently of  bilirubin,  three  other  biliary  pigments  which  we 
will  only  mention :  biliprasin,  bilifuscin,  and  bilihumin.  Alco- 
hol dissolves  the  bilifuscin  from  this  residue,  and  the  new 
residue  is  exhausted  with  chloroform,  which  takes  up  the  bili- 
rubin, which  alcohol  precipitates  in  orange-colored  fiakes  from 
the  chloroform  solution. 

Bilirubin  is  obtained  in  small,  dark-red  crystals  by  evapora- 
tion of  its  solution  in  chloroform.  It  is  insoluble  in  water,  and 
very  slightly  soluble  in  ether  and  alcohol,  but  dissolves  in  chlo- 
roform, benzol,  and  carbon  disulphide.  It  is  very  soluble  in 
the  alkalies,  forming  an  orange-red  solution,  which  becomes 
pure  y(?llow  on  addition  of  water,  and  from  which  hydrochloric 
acid  jireeipitatos  bilirubin.  The  ammoniacal  solution  of  bili- 
rubin gives  precipitates  with  calcium  chloride,  barium  chloride, 
and  lead  acetate. 

BILIVERDIN. 

When  a  solution  of  bilirubin  in  sodium  hydrate  is  agitated 
with  air,  it  absorbs  oxygen  and  becomes  green.  Hydrochloric 
acid  precipitates  biliverdin  from  the  solution. 

It  is  a  bright  green  powder,  insoluble  in  water,  ether,  and 
chloroform,  but  soluble  in  alcohol.  It  contains  one  more  atom 
of  oxygen  than  bilirubin. 

We  may  add  that  other  coloring  matters  have  also  been 
derived  from  bile.  They  are  bilifuscin,  C**H»N*0,  biliprpsin, 
C"H"N»(y,  and  bilihumin. 
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Among  the  products  of  disassimilation  we  may  also  mention : 

Leucine.  C*H"NO*,  which  belongs  to  the  homologous  series 
of  glycocoi,  and  is  found  in  many  organs,  especially  in  the 
pancreas,  the  salivary  glands,  the  spleen,  and  the  liver  (page 
690). 

Tyrosine  J  C'H'^NO*,  a  body  crystallizing  in  fine  needles,  may 
be  obtained  from  the  pancreas  and  the  spleen  (page  701). 

It  is  known  also  that  leucine  and  tyrosine  may  be  obtained 
directly  by  the  action  of  alkalies  upon  complex  nitrogenized 
matters  (page  742). 

Htppuric  Acid,  CH'NO*,  the  origin  of  which  has  already 
been  indicated  (pase  697). 

Uric  Acid,  C'H^N^O',  which  exists  in  small  quantity  in 
human  urine,  and  which  constitutes  a  large  proportion  of  the 
urine  of  birds  and  reptiles  (page  608). 

AUantoin,  OH'N*CP,  a  product  of  the  oxidation  of  uric  acid, 
which  Yauquelin  and  Buniva  formerly  extracted  from  the  am- 
niotic liquor  of  the  cow,  and  which  has  also  been  found  in  the 
urine  of  young  calves  (page  612). 

Various  other  products  are  related  to  uric  acid.     They  are : 

Xanthine,  C'^H^NH)^,  a  yellow  matter,  which  Proust  discov- 
ered in  certain  rare  calculi  (xantliic  calculi),  and  which  has 
also  been  found  in  small  quantity  in  the  muscles,  pancreas,  liver, 
and  urine. 

Ht/poxanthine  or  Harcine,  C*H*N*0,  a  white,  amorphous  sub- 
stance which  Scherer  obtained  from  the  spleen,  and  of  which 
Strecker  has  noticed  the  existence  in  muscular  tissue.  Hypo- 
xanthine  forms  a  cry  stall  izable  combination  with  hydrochloric 
acid.  It  presents  interesting  relations  of  composition  with  xan- 
thine and  uric  acid. 

Uric  acid C5H*N*0« 

Xanthine C^H^N^Oa 

Hypoxanthine C*H*NH) 

When  hypoxanthine  is  boiled  with  nitric  acid,  it  is  converted 
into  a  nitrogenized  body.  By  the  action  of  reducing  agents, 
such  as  ferrous  sulphate,  this  nitrogenized  body  is  converted 
into  guanine,  C^H*N^O.  The  latter  body  was  first  obtained 
from  guano.     It  has  been  found  in  the  tissue  of  the  pancreas. 
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Bensyl  alcohol,  692. 
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Butane,  484. 
Butyl  alcohols,  508. 
Butylenes,  559. 
Butyral,  549. 
Butyrone,  549. 
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Ohlorint^  analogies  with  Br  and 
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Cyanides,  453. 
Cyanobenxol,  668. 
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Didymium,  376. 
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Dimethyl-aniline,  676. 
Dimethvlarsine,  482. 
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Eiytbritey  617. 
Ethane,  484. 
Btber,  488. 

acetylacetio,  537. 

Kay's,  475. 
Ethers,  compound,  438. 

cyanuric,  503. 

nitrous,  496. 

phosphoric,  500. 
Ethyl  acetate,  497. 

acetylacetate,  537. 

allophannte,  466. 

borate,  500. 

bromide,  493. 

carbamate,  501. 

carbonate,  501. 

carbylamine,  495. 

chloride,  492. 

chlorocarbonate,  502. 

cyanate,  502. 

cyanide,  494. 

oyanurate,  503. 

hydrate,  484. 

iodide,  494. 

isbcyanate,  502. 

nitrate,  497. 

nitrite,  495. 

orthocarbonate,  501. 

oxalate,  594. 

oxide,  488. 

phosphates,  500. 

silicates,  500. 

sulphates,  497. 

sulphide,  491. 

salphites,  498. 

sulphydrate,  491. 
Ethylallyl,  561. 
Ethylaminen,  520. 
Ethylene,  554. 

acetates,  566. 

bromide,  556. 

ohlorhydrate,  565. 

chloride,  556. 

ohloro-derivatives,  556. 

diamines,  569. 

hydrate,  564. 

iodide,  556. 

nitrates,  566. 

oxide,  566. 

bases  from,  567. 
Ethylethylene,  560. 
Ethylhydrazine,  518. 
Ethylidene  chloride,  540,  557. 

cyanide,  597. 
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Ethylpbosphines,  522. 
Euxenite,  399. 

Fats,  natural,  576. 
Feldspar,  375. 
Fermentation,  630. 

acetic,  533. 

alcoholic,  630. 

butyric,  631. 

lactic,  631. 

viscous,  632. 
Ferric  chloride,  388. 

ferrocyanide,  455, 

oxide,  387. 

sulphate,  390. 
Ferricyanides,  455. 
Ferrocyanides,  454. 
Ferro-potassium  tartrate,  603. 
Ferrous  chloride,  388. 

ferricyanide,  456. 

lactate,  586. 

oxide,  386. 

sulphate,  389. 
Fibrin,  743. 
Fibrinogen,  743. 
Fire,  58. 
Flame,  58,  218. 
Fluorescein,  704. 
Fluorine,  136. 
Formates,  530. 
Formonitrile,  452. 
Formulae,  constitutional,  empirical, 

rational,  438. 
Fulminates,  481. 

Qalactose,  624. 

Galena,  339. 

Qarancin,  719. 

Gases,  molecular  Tolume  of,  32. 

Gasoline,  506. 

Gay-Lussac's  laws,  27. 

Gelatin,  748. 

Germanium,  379. 

Gilding,  366. 

Giobertite,  326. 

Glass,  200. 

etching  on,  137 

soluble,  199. 
Globulin,  747. 
Glncinum,  323. 

chloride,  324. 

oxide,  324. 
Glucosan,  621. 
Glucose,  620. 
Qlncosidee,  641. 
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6l]»w1Ild«,  681. 

Idionma^  tit. 

Qlywli.  M«,  m. 

Indiau,  710. 

propjl,  STl. 

jddi«iudn,  no. 

QljoMl.  US. 
aold,3«S. 

iDdlgd,  7«. 

white,  TIU 

*M7,  ser. 

InUam,  361. 

abloridc*.  U«. 

Indol,  Til. 

oiidM.  set. 

Indoijl,  Til. 

QnphlM,  SOI. 

Idk,  M. 

OnuiiK.  3TS. 

Iaoilt«,  tSS. 

eBuldiDa,M8. 

ODKDlne,  7bi. 

iDulio.  <3T. 

Omn  ■nbic.  838. 

IodjD^  130. 

tngacaoth,  S38. 

aiidas,  134. 

CtaiD.,  «3T. 

tMt  for,  131. 

OiiD-eottOD,  S40. 

Iodoform,  470. 

ajpmm,  318. 

Iridium,  117. 

Iron,  3T9. 

Mrbantta,  390. 

Hcbt;  ppnr,  S23. 

i»it,381. 

HeiDfllin,  747. 

flfaloridiK.  388. 

I]eDia(Di.lino.  7*7. 

IicUte.  580. 

Bemoglnbin,  745. 

oildM,  387. 

Heisraethvlbf niol,  B4B. 

puiiT«.  I5». 

Holmlum,  ,ns. 

Ktt.3S3. 

Hjaanloin,  614. 

.ulphidoi,  B88. 

Hjdrsiea,  IS,  2-IS. 

te.t».  3B0. 

HjdtMine..  SIS. 

Inlin,  712. 

iHthioDADilde.  671. 

Itomeritm,  431. 

C"!!*-.  i57. 

Iromarrbiam,  37,  257. 

Cll'— 1.  5BI. 

IinpropTl  slcohol,  508. 

Hjdrocinchoniin,  7.13. 

Hjdrogen,  48. 

Iioprapyt  lodids,  608. 

anrimaniile.  186. 

lioloriientino,  859. 

»r«pnirfe,  178. 

Iiuret,  400. 

chemital  prxpBrtlu,  Bl. 

dtoiid*.  as. 

KmUd.  376. 

K>j->  ether.  476. 

liquefRctiDTi,  50. 

Keropene,  508. 

oecluiion  of.  51. 

Kieisrits,  320. 

pcnulpfaide,  96. 

■i^J 
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Mmnits,  018. 

L«)toH,82a. 

M.-i.  37S. 

Ump-blMk,  203. 

Marrt  gu,  470. 

Mnr.h>  Mpp>rMDi,  181. 

LMd,  333.  ' 

Mouinat.  397, 

Mitcbee,  les: 

■rganliferoiut,  33b, 

MBtauiiae,  4iS. 

HsIitOFB,  S2B. 

eUoHda.  311). 

MendBlfjer.  p.riodlo  Uw,  SS4. 

dioxide,  33S. 

Mentbol,  662. 

rara»te.  &30. 

MBronr-Bthyl,  625. 

iDODoiide.  337. 

Merourio  cbloride,  3fi». 

nitrats,  341. 

iodide.  3fi7. 

red  oiide,  338. 

MBWBr-niBthjl,  S26. 

■nlphaw,  341. 

Merouroat  ehlorid*,  Hi. 

.ulpbidB.  33B. 

iodide,  3S7. 

U*t>,  343. 

Herour},  311. 

white.  342. 

BtDDljcit?  of.  36D. 

LBoithine.  JSI. 

oj-inide,  4iS. 

LapidDllle.  30G. 

(ulmiDotB,  4B1. 

Lea»nilm«i,  eSO,  681. 

Ditnlu.  3SS. 

Uui^iDB,  SBO,  7i5. 

Mide..  3S1. 

Leuooline,  722. 

LaTuloun,  fl23. 

Lpbi'd..  364.' 

Uv«lo«s  822. 

Lignite,  202. 

M«iryl«nB.  70S. 

Lime.  SIS. 

MeMMlyi-urBii,  All. 

M.Uldehyde,  641. 

b;dn>u1io.  316. 

MeUllic  mrhonna,  2T7. 

LiA.rg,,  337. 

oblurido,  248. 

hjdnitBE,  248. 

LithioiD,  304. 

nitrnle.,  273. 

LatldlDo,  733. 

oxides,  240. 

lalpbHtei,  276. 

MBga^iixw,  334. 

Balpbid™,  247- 

MeU]»,  cIusiBotion  of,  27S.  SM. 

ohloride.  3M. 

diatomie,  2B0. 

ditrete.  SOT. 

Mido.  324. 

monwomio,  280. 

mlptiBto,  32fl. 

tetralomio.  283. 

tott,  327. 

Halubiti!.  3S0. 

Mormtyrolene,  707. 

HBUnidB,  S99. 

MBt.x;t<ul^  708. 

H>llei<hili>7,  236. 

MetbsDB,  470. 

Mnlonjluru,  Sll. 

Uethylul.  4T4. 

Haltoac,  629. 

UeltaTl»iDiTi«,  619.                                                 ' 

Hugoneae,  395. 

MethjlRnlMne.  676. 

Methjlbenteoe,  687. 

dloiidB.  3i»6. 

Methjl  bromide,  473. 

oiid«,  3»S. 

■nlphnte,  397. 

cbloride,  473. 

t»l<.  398. 

ojMide.  478. 
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Methyl  oyannnite,  508. 

hydrate,  471. 

iodide,  478. 

nitrate,  479. 

nitrite,  479. 

oxide,  473. 

salicylate,  700. 
Methylene  ohloride,  474. 

diacetate,  475. 

diethylate,  474. 

iodide,  474. 
Methylglyoocol,  589. 
Methylmorphine,  728. 
Mioa,  375. 
Mineral  waters,  82. 
Miniam,  362. 
Molecular  weights,  determination  of, 

32,  429. 
Molecules,  11. 
Molybdenite,  404. 
Molybdenum,  404. 
Monoohlorhydrin,  573. 
Morphine,  726. 
Mortar,  315. 
Murexide,  609,  612. 
Mycose,  629. 
Myosin,  744. 

Naphtha,  506. 
Naphthalene,  714. 
Naphthol,  715. 
Na|)hthylaiiiine,  716. 
Narceine,  725. 
Narcotino,  728. 
Neurine,  508,  751. 
Nickel,  393. 

chloride,  394. 

oxides,  393. 

plating,  393. 

sulphate,  394. 

ieala,  394. 
Nicotine,  724. 
Niobium,  361. 

chlorides,  362. 

oxides,  362. 
Nitrate?,  273. 

t«f«t8  for,  274. 
Nitrethanc,  495. 
Nitric  anhydride,  157. 
Nitrobenzene,  666. 
Nitroferrocyanides,  456. 
Nitroform,  477. 
Nitrogen,  138. 

chloride,  144. 

dioxydo,  163. 


Nitrogen,  estimation  of^  4tt; 

gronp  of  elemeotiy  190. 

in  air,  63. 

iodide,  145. 

monoxide,  161. 

oxides,  160. 

pentoxide»  167. 

peroxide,  156. 

trioxide,  164. 
Nitroglycerin,  576. 
Nitromethane,  479. 
Nitronaphthalene,  716. 
Nitrophenols,  672. 
Nitroso-amines,  617. 

bases,  517. 
Nitrosodimethylaniline,  676. 
Nitrosomethjlaniline,  676. 
Nitrosyl-ohloride,  161. 
Nitrotolaols,  690. 

Nitryl,  chloride  and  bromide,  16& 
Nomenclature,  37. 
Nornarcotine,  729. 
Notation,  37-47. 

Oils,  essential,  656. 

fatty  and  drying,  677. 
Olein,  577. 
Opium,  726. 
Orcin,  691. 

Organo-metallio  compounds,  442. 
Orpiment,  183. 
Orthoxylene,  703. 
Osmium,  417. 
Oxalates,  593. 
Oxalyl-urea,  613. 
Oxamide,  451,  594. 
Oxides,  40,  241. 

acid,  241. 

antimonic,  189. 

antimonous,  188. 

arsenic,  182. 

arsenioas,  179. 

basic,  241. 

boric,  194. 

chlorocarbonic,  208^ 

chlorous,  123. 

copric,  348. 

cuprous,  347. 

ferric,  387. 

ferroso-ferrio,  387. 

ferrous,  386. 

hypochlorous,  122. 

manganic,  395. 

manganoso-manganio^  396. 

mercuric,  354. 
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OzideSy  mereuroiu,  864. 

metallio,  240. 

olu88ification  of,  241. 

molybdioy  404. 

niobio,  362. 

nitrio,  153. 

nitrous,  151. 

persulphuriOy  110. 

phosphorio,  173. 

plambic,  337. 

plumboso-plumbio,  338. 

saline,  241. 

silioio,  199. 

singular,  241. 

stannic,  408. 

stannous,  408. 

sulphuric,  101. 

sulphurous,  97. 

Untalic,  362. 

vanadic,  360. 
Oxindol,  713. 
Oxygen,  54. 

in  air,  63. 

liquefaction,  66. 

preparation,  55. 

properties,  55-59. 
Ozybydrogen  blowpipe,  69. 
Oxjphenols,  683. 
Oxone,  59. 

composition,  62. 

in  air,  70. 

tests  for,  59. 

Palladium,  417. 
Palmitin,  577. 
Papaverine,  725. 
Paraconine,  724. 
Paracyanogen,  449. 
Paraffin.  504. 
Paraldehyde,  541. 
Paraxylene,  703. 
Pectic  matters,  646. 
Pectose,  646. 
Pepsin,  744. 
Peptones,  744. 
Petroleum,  505. 
Phenanthrene,  717. 
Phenetol,  671. 
Phenol,  669. 

ethers  of,  671. 
Phenyl  cyanide,  668. 

nitro-,  672. 

nitroso-,  672. 

oxide,  672. 
Pbenylamine,  674. 


Phloretin,  643. 
Phloridzin,  643. 
Phloroglucin,  643,  687. 
Phosgene  gas,  209. 
Phosphine,  165. 
Phosphines,  442. 
Phosphonium,  167. 
Phosphoric  anhydride,  178. 
Phosphorus,  161. 

amorphous,  163. 

bromide,  169. 

iodide,  170. 

oxides,  170. 

oxychloride,  169. 

pentacbloride,  168. 

pentoxide,  173. 

sulphides,  176. 

sulphochloride,  159. 

trichloride,  168. 
Phthaleins,  704. 
Phthalic  anhydride,  704. 
Pinacolin,  544. 
Pinaoone,  544. 
Pinite,  618. 
Piperidine,  737. 
Piperine,  737. 
Pitchblende,  399. 
Plaster  of  Paris,  318. 
Platinum,  413. 

black,  52,  415. 

chlorides,  415. 

sponge,  414. 
Plumbago,  201. 
Polymerism,  431. 
Populin,  642. 
Porcelain,  375. 
Potassamide,  145. 
Potassium,  287. 

acetate,  534. 

acid  carbonate,  295. 

acid  sulphate,  293. 

bromide,  291. 

carbonate,  294. 

chlorate,  293. 

chloride.  290. 

ohromate,  402. 

cyanate,  461. 

cyanide,  453. 

dichromate,  402. 

ferricyanide,  456. 

ferrocyanide,  454. 

hydrate,  288. 

iodide,  290. 

isocyanate,  460. 

manganate,  396. 


Bitrala,  Ml. 
oialKtM,  H8. 

m-tS"'- 

«>id<i.SS8. 

s^isjt  hydrid*,  atr. 

I«r«hlur.te,  2H. 

S«llB«>iii,  »41,  IW8. 

e^ti^  4»,  Mj. 

pionU,  STS. 

■otlon  of  addi.  SBT. 

■ulphkbi.  MS. 

h,Mm.W9. 

liMt,]6S. 

MrtnM,  flUS. 

n<ula.ies. 

IMU,  3US. 

Miu.  m.  m. 

P0tt«7.  SIT. 

waUr,  1S8. 

Iwl  glailaR,  US. 

nNtral.  mcid  ud  bulq 

glyeolP,  671. 

iodidea,  474. 

S-pphlrtS  Ml. 

PropjIidM,  ftfiB. 

sJtiDo,  IM. 

Pr>iSi.i>D  ilat,  *U. 

SondiBm,  878. 

Sehnliie,  4M. 

Pfc-udobiorpbina,  72S. 

SiliM,  )SB. 

Purple  of  CBMiat,  3aS. 

soluble.  200. 

Purpurra.  719. 

GilicoD,  194. 

Pyri.fic  bo™,  720. 

oblDcida,  196. 

PjriJine.  721. 

orjit»lliw.d.  19S. 

P/roMte-'blti,  A88. 

fluoride  197. 

Pjrogi.llul,  702. 

oxido.  199. 

P,rolu«W.  a9&. 

Silicon-ethyl,  5M. 

Pjroif  Im,  640. 

Silrer,  307. 

ueUlc,  6Sfl. 
»™y.  3 IS. 

Qusnitr,  AIS. 

oblorldc  310. 

QuiDiDe.  731. 

QDinona,  flSG. 

fulmiullog,  310. 

Iodide,  311. 

Dilr*l«,311. 

polfslomlc,  44». 

oiide.310. 

Real^r.  IK3. 

■ulphide,  310. 

RMOrein.  684. 

lePU,  312. 

Re-liiralion.  5B,  7S0. 

SjlvBhpg.  312. 

Rbodiuin,  416. 

Slow  combowion,  68. 

Richler'j  l»«t.  256. 

SmaK,  391. 

Ro«helle<*1l,6a2. 

S^Fo  putMlDtn  t»rtf»t«,  t 

RawDiliDe,  «7S. 

colorf,  esl. 

Sodium,  208. 

BaHJiuDi.  3DS. 

Meiate,  636. 

Subr,  aT2. 

ncid  mrboiioH,  SOS. 

RulbeDinm,  416. 

uid  gulphala,  300. 

Ralll*,  411. 

bornle,  .lO.I. 

wrbon^l.,  300. 

ghloride,  298. 

hydrwcjUW,  587. 
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Sodinm  bydrmte,  297. 

bydrofalphite,  10€L 

hyposulphite,  109. 

nitroferrooyanide,  456. 

oxides,  297. 

phosphates,  308. 

salphate,  299. 

sulphide,  297. 

sulphydrate,  297. 

tesU,  304. 

thiosulphate,  109. 

tangstate,  405. 

nranate,  399. 
Solution,  79,  258. 
Sorbin,  623. 
Sorbite,  619. 
Specific  heat,  34. 
Spectrum  analysis,  305. 
Spermaceti,  514. 
Stannethyls,  526. 
SUroh,  634. 
SUssfurth  si^lt,  290. 
Stearin,  577. 

candles,  578. 
Steel,  384. 
Stibines,  442. 
Strontianito,  321. 
Strontium,  320. 
Strychnine,  738. 
Styraoin,  708. 
Styroline,  707. 
Succinic  anhydride,  590. 
Buocinyl  chloride,  596. 
Sugar,  eane,  624. 

grape,  620. 

inverted,  627. 

milk,  628. 
Sugars,  619. 
Sulphates,  275. 

tests  for,  277. 
Sulphides,  metallic,  247. 
Sulpbobenzide,  668. 
Bulphocarbamide,  469. 
Sulpho-urea,  469. 
Sulphur,  88. 

analogies  with  oxygen,  92. 

ehlorides,  126. 

dimorphism  of,  90. 

dioxide,  97. 

oxygen  acids,  96. 

peroxide,  101. 

soft,  90. 

trioxide,  101. 
Sulphuric  anhydride,  101. 
Sulphurous  anhydride^  97. 

Bh 


Sulphuryl  chloride,  100,  106. 
Supersaturation,  261. 
Synanthrose,  629. 
Syntonin,  745. 

Tannin,  648. 
Tantalum,  361. 

chloride,  362. 

oxide,  362. 
Tartar-emetic,  602. 
Tartaric  anhydride,  601. 
Tartrate,  602. 
Tartronyl-urea,  611. 
Taurine,  571. 
Tellurium,  111. 
Terebene,  659. 
Terpilene,  659. 
Terpin,  658. 

hydrate,  658. 
Tetraohlorethylene,  557. 
Tetramethylammonium,  620. 
Tetrethylammonium,  521. 
Thallium,  367. 
Thebaine,  725. 
Tbeine,  737. 
Theobromine,  737. 
Thermo-chemistry,  230. 
Thorium,  413. 
Thymol,  706. 
Tin,  406. 

dichloride,  409. 

oxides,  408. 

sulphides,  409. 

tests,  411. 

tetrachloride,  419. 
TiUnium,  411. 

dioxide,  411. 
Toluidines,  691. 
Toluol,  687. 

ohloro-,  690. 
I  nitro-,  690. 

I'upaz,  372. 
Trehalose,  629. 
Tribenzylamine,  698. 
Tribromhydrin,  575. 
Triohloraldehyde,  542. 
Trichlorhydrin,  574. 
Triethjiamine,  521. 
Trimethylamine,  520. 
Trimethylbensenes,  705. 
TrimethyloarbiDol,  609. 
Trimetbylene,  559. 
Trimethylethylene,  660, 
Trinitroacetonitrile,  479. 
Trinitrophenol,  673. 
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TriozTBMtliylMiey  581. 
Tongaten,  404. 
Tnrpentiney  656. 
Type  metal,  186. 
Tyrorine,  701. 

Ursninm,  399. 

ohiorides,  400. 

oxides,  399. 

yellow,  399. 
Uranyl  nitrate,  399. 
Urea,  463. 

Ureae,  compound,  467. 
Ureides,  610. 
Urethane,  501. 

Vanadanite,  360. 
Vanadium,  360. 

bronse,  361. 
Verdigris,  536. 
Vermilion,  355. 
Vinegar,  531. 
Vitriol,  blue,  349. 

green,  389. 

white,  330. 

Water,  70. 

analysis,  71. 
charcoal  filter  for,  S05. 
bard,  80,  81. 
in  air,  67. 


Water,  maximum  dflotf ly,  Tflb 

mineral,  83. 

natural  itate  of,  79. 

of  orystallitatioii,  S60. 

reactioni  of,  77. 

■oft,  80. 

solvent  propertlei  ot,  79. 
Wax,  514. 
Wine,  632. 
Witherite,  323. 
Wolfram,  404. 
Wolframine,  405. 
Wood-spirit,  447. 

Teast,  576. 
Yttrium,  378. 

Zeolites,  375. 
Zino,  327. 

chloride,  330. 

hydracrylate,  587. 

lactate,  586. 

oxide,  329. 

sulphate,  330. 

sulphide,  330. 

tests,  331. 
Zinc-ethyl,  525. 
Zinc-methyl,  525. 
Zircon,  412. 
Zirconium,  412. 
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attempted.     An  invaluable  convenience."— ^^//^n  Evening  TravttUr. 

"  I'he  most  valuable  contribution  to  lexicography  in  the  English  tongue."— 
Cincinnati  Gazette. 

"  No  other  work  of  the  kind  will  compare  with  it."— Ckica£»  Advmmee. 


PUBLICATIONS  OF  J.    B.    I.IPPINCOTT  COMPANy. 

k  VALUABLE  AND  HANDY  REFEBENCE  LIBRARY. 

Ir  READER'S  I 

REFERENCE   LIBRARY 

Brewer'8   Reader's  Handbook 

Uf  Factj,  Chahactbiu,  Ploti,  and  Rm«>iu««s.    (3.5°. 

"  One  of  Ihc  DiQtl  uicful  md  tcliDlirly  boolu  a(  Ihc  i^cD\u,y."—PkiUll4^kia 
Timt: 

Brewer's  Dlcrtlonary  of  Plirase  and  Fable. 

CiTinc  ihc  Dcr^vaiisn,  Source,  or  Oiisin  at  jibout  »,»»>  Camman  Phnia,  lUo- 
ilou,  and  Word!  ihaL  have  I't'iilc  10  Tdl.    N>^w  Edliion  l.^r»>rrnf«).    K>. 

npKy  oT  £ngli>h  Liter^lure,  bued  upon  ihv  UfKcr  work  of  rdcrracc  QP  lu 
lame  lubjccibr  W.  Dirmpon  Adama.  wlih  addluoiu,    |i,;d. 

Brewer's   Dictionary  of  miracles. 

Ihitativi,  Ruusni:,  and  Dooiiatic.     t*'iM  IZ/vlralio^,.    |,  50. 
HoMghlIob=iped»ur'a°rul/'— A'™  rt^'jvI^V  '"'"  "''^    '°  '  '    "" 

Edwards's  Words,  Facts,  and  Phrases. 

A  Dieiionary  of  Cu.ioiu,  Qu.iM.  uid  Oul-of->h(.Way  Mutltn.     f  5°. 

"A  iDim:  of  curioiu  rvnd  rtluihic  infonnAiion."— y/ftc  >'i,ri  CMriiiUn  AOea 

Worcester's   Comprefaenslve    DlcUonary. 

Rc.J.ed,  En)»rKtd,  anrt  Profiafly  llliulralcd.    (1.50 

'■  For  UK  in  ihc  home  or  place  of  buaintM.  Ih.  CtmfrikiuiiiK  DiCt^mtry 

Roftret's   Xtaesanrus. 

A  Tiusuiir  OF  EHCLiiM  WoKDS.    Clusilied  and  arranged  10  u  to  FieillBU 
■he  tupreuion  of  Ideaj  u,d  Ai.isI  In  Lilerary  Compoillioo.    (i.Jo. 

Ancient  and  Modern  Familiar  Qaotations. 

(■'rum  ihc  Greek,  Lalin,  and  Modem  LAnguagei,    lq.50 

Soule's   Eng^ilsti   Sjnon>-nies. 


PUBLICATION^^  OP  J.  B.  LIPPItfCOTT  COMPAHV. 


THE  REKDERS  FOR  YOUR  SCHOOLS. 

LIPPINCOTTnS 

POPULAR  SERIES  OF  READERS. 

By   MARCIU8  WILL80N. 

THIS  SERIES  OF  READERS  EMBRACES  SIX  BOOKS,  AS  FOLLOWS i 

First  Reader.    With  Illustrations.    96page<.    i2mo.    Half  bound 

24  cents.* 
Second  Reader.    With  Illustrations.     160  pages.     i2mo.     Half 

bound.    40  cents.* 
Third  Reader.    With  Illustrations.     228  pages.     i2mo.     Half 

bound.     53  cents.* 
Fourth  Reader.    With  Illustrations.    354  pages.     i2mo.     Half 

bound.     72  cents.* 
Fifth  Reader.    With  Illustrations.     480  pages.     i2mo.     Qoth 

sides.    ^1.08.* 
Sixth  Reader.    With  Frontispiece.     544  pages.     i2mo.     Cloth 

sides.     1 1. 20.* 

They  combine  the  greatest  possible  interest  with  appro- 
priate instruction. 

They  contain  a  greater  variety  of  reading  matter  than  is 
usually  found  in  School  Readers. 

They  are  adapted  to  modem  methods  of  teaching. 

They  are  natural  in  method,  and  the  exercises  progressive. 

They  stimulate  the  pupils  to  think  and  inquire,  and  there- 
fore interest  and  instruct. 

They  teach  the  principles  of  natural  and  effective  readin^^. 

The  introduction  of  SCRIPT  EXERCISES  is  a  new  fea. 
ture,  and  highly  commended  by  teachers. 

The  LANGUAGE  LESSONS  accompansring  the  exercises 
in  reading  mark  a  new  epoch  in  the  history  of  a  Reader. 

The  ILLUSTRATIONS  are  by  some  of  the  best  artists, 
and  represent  both  home  and  foreign  scenes. 


"  No  other  scries  is  so  discreetly 
graded,  so  beautifully  printed,  or  so 
philuHophically  arranged."  —  A  Ihany 
yournal. 

"  We  sec  in  this  series  the  beginning 
of  a  t>etter  and  briKhter  day  for  the 
reading  classes." — AVw  }'0rk  School 
journal. 


*'  The  work  may  be  jiutly  esteemea 
as  the  beginning  of  a  new  era  in  school 
literature." — Baltimore  Netvs. 

"In  point  of  interest  and  attractive- 
ness the  selections  certainly  surpass  anj 
of  the  kind  that  have  come  to  ou* 
knowledge."—  7%e  Boston  SmmJm 
Globe. 


The  unanimity  with  which  the  Educational  Press  has  commended 
the  Popular  Scries  of  Readers  is,  we  l)elieve,  without  a  parallel  in 
the  history  of  similar  publications,  and  one  of  the  best  evidences  thai 
Uie  books  meet  the  wants  of  the  progressive  teacher. 


PUBLICATIONS  OF  J,   B.   LIPPINCOTT  COMPANY, 

LA  TEST.       BEST.       CHEAPEST. 

CUTTER'S 

NEW 

PHYSIOLOGICAL  SERIES 


1887. 


BEGINNER'S  ANATOMY,  PHYSIOLOGY,  AND  HYGI- 

ene,  including  Scientific  Instruction  on  the  Effects  of  Stimulants 
and  Narcotics  on  the  Growing  Body.  By  JoHN  C.  Cutter, 
B.Sc,  M.D.,  late  Professor  of  Physiology  and  Comparative 
Anatomy  in  the  Imperial  College  of  Agriculture,  Sapporo, 
Japan ;  Consulting  Physician  to  Imperial  Japanese  Colonial  De- 
partment of  Yezo  and  the  Kuriles.  With  47  Illustrations.  Small 
i2mo.     140  pages.     Cloth.     30  cents.f 


INTERMEDIATE     ANATOMY,    PHYSIOLOGY,    AND 

Hygiene,  including  Scientific  Instruction  upon  the  Effects  of 
Narcotics  and  Stimulants  upon  the  Human  Body.  A  Revision 
of  the  **  First  Book  on  Anatomy,  Physiology,  and  Hygiene," 
prepared  by  Calvin  Cutter,  A.M.,  M.D.,  in  1854.  With  70 
Illustrations.     Small  i2mo.     220  pages.     Qoth.     50  cents.f 


COMPREHENSIVE  ANATOMY,  PHYSIOLOGY,  AND 

Hygiene,  with  Instruction  on  the  Effects  of  Stimulants  and 
Narcotics.  Revised  Edition,  1 888.  Designed  for  Normal 
Schools,  Academies,  and  High  Schools.  Two  sizes  of 
Type  (Small  Pica  and  Bourgeois)  have  been  used,  adapting  the 
book  for  a  Brief  Course  or  a  Full  Course.  With  141  IIIustra« 
tions.     i2mo.     375  pages.     Cloth.     |i.oo.f 


The9%  Booh*  seni  {post»paid)  to  Teaehert  and  JBdueatars  ai 

IniroduetUn  Brieea. 


PUBUCATIOSS   OF  J.   B.    LIPPINCOTT  COMPANY. 


pppincott's  pand-^ooks. 
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HAND-BOOK  OF  PUNCTUATION.    Cod Ui ni n g  tbe  more 
det>end.       By  Josri-H  A.  Turnkr,  U.A.       IBmo.      Cloth  6»xible. 


EVBRVDAV  ERRORS  OF  SPEECH.     By  L.  P.  Mxiia- 

DITH.  M.D.,  D.D.B.     16ma.     Cloth  fleiibi*.     T6  c«nU. 

— ■-•  '■- ■• '■-' rorllio«iHciUniUBlirtlllwo«ttlir>jirD 

«  PreierTfttion  and  RHtonlion  of 
and  Old  People  of  Both  Sexn. 
inino.  Cluih  flsxihle.  AD  ceoU. 
a  gulile  fuT  His  leulilng  of  tTDitllallCB 

'  ■ctlr»"  muvsmcuu,  of  grwit  bjglHiH 


911  pnparvd 
il«>agw,  bi 


J.  B.  LrPPINOOrr  OOMPAUY,  Publiahen, 

PHILADELPHIA. 


